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ABSTRACT 
Livestock as Seed Disseminators for Reseeding Degraded 
Rangelands: The Role of Dung in Gap Formation 
and Plant Establishment 
by 
Brian S. Auman, Master of Science 
Utah State University, 1996 
Major Professor: Dr. Christopher A. Call 
Department: Rangeland Resources 
Livestock ( cattle and sheep) were examined as seed disseminators for reseeding 
degraded Intermountain rangelands. "Hycrest" crested wheatgrass [Agropyron 
desertorum (Fisch. ex Link) Schult. X A. cristatum (L.) Gaert.] seed was fed to yearling 
Holstein steers and Suffolk ewes. Dw1g was collected from each animal type and 
deposited on plots of high and low densities of an annual [ cheatgrass (Bromus tectorum 
L.)] and perennial [squirreltail (Sitanion hystrix Nutt.)] grass species. The experiment 
evaluated the ability of the dung to suppress the resident vegetation, and the recruitment 
and establishment of Hycrest seedlings emerging from the dung. 
Sheep dung had little suppressive effect on resident vegetation and did not 
provide Hycrest with a favorable microsite for germination and establishment. Cattle 
11 
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dung provided favorable conditions for germination of Hycrest on all plots, but seedlings 
were unable to compete with either high or low densities of cheatgrass. Hycrest seedlings 
emerging from cattle dung were more successful in establishing on squirreltail plots, and 
most successful in establishing on the control plots (bare ground). Cheatgrass plants 
located near cattle and sheep dung benefited from an input of nutrients and a gap­
formation (with cattle dung), which translated into greater plant height, weight, and 
fecundity. The squirreltail plants did not show any noticable advantages gained from 
adjacent dung deposition. Even though cheatgrass was suppressed by cattle dung on the 
surface, its roots proliferated in the soil profile immediately under the cattle dungpat to 
levels equal to that found in other areas within the plots. 
(119 pages) 
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INTRODUCTION 
Many once attractive, intensive methods of range improvements are currently 
marginally feasible because of increasing labor, machinery, and fuel costs (Vallentine, 
1989). Many ranges remaining in poor and/or deteriorating conditions are those for 
which cost-effective, reliable, and environmentally acceptable technology is not available 
(Smith, 1980). Given the long time-spans required for natural recovery of many 
rangelands to desired states, and the high monetary and energy costs and often low 
probability of successful restoration following disturbance, a more conservative, low-
input strategy is likely the most profitable and sustainable (Archer & Smeins, 1991 ). 
Although seed dispersal by livestock has been acknowledged, there have been 
relatively few attempts to use livestock as agents to spread desirable seed species to 
improve rangelands (Archer & Pyke, 1991 ). Provided seeds of desirable species are able 
to withstand the digestive system of the animal , deposition of seeds in fecal material may 
provide an effective means of dispersal while concurrently providing a safe site for 
germination and establishment (Pyke & Borman, 1993 ). Freshly fallen dung may kill or 
suppress a variety of herbaceous plants and thereby partly clear the area for the seedlings 
emerging from the dung (Janzen , 1984). 
Although using cattle and sheep as seed disseminators is slower than large-scale 
mechanical approaches, it is inexpensive, and if properly managed, environmentally 
benign (Dale, 1992). Using domestic animals could be less costly and less disruptive 
2 
than using seeding equipment, especially on areas that have rough surfaces and 
topography, or desirable resident plant species (Archer & Pyke, 1991), or where 
conventional equipment and available technology for use on rangelands are not allowed 
for revegetation purposes , such as within Wilderness Areas and Wilderness Study Areas 
(Pyke & Borman, 1993). Dung deposition has been found to increase species diversity 
and spatial heterogeneity of herbaceous vegetation and contribute to the development of a 
fine-grain mosaic of small patches of varying successional age-states (Brown & Archer, 
1987). This is an important result since many criticisms of mechanized, agronomic 
reseeding of rangelands revolve around the -negative effects on biodiversity of seeding a 
monoculture of a single , desirable forage species. 
Akbar (1994), working on a sagebrush steppe site in northern Utah, found that 
successful "Hycrest" crested wheatgrass [Agropyron desertorum (Fisch. ex Link) Schult. 
X A. cristatum (L.) Gaert .] seedling establishment occurred in dungpats in the fall and 
spring seasons , indicating that plants established on dungpats could serve as nuclei of 
seed production for surrounding areas. This study was concerned primarily with dungpat 
microenvironrnental effects on seed germination and establishment , and involved placing 
dungpats on bare ground . The question remains as to how successfully these seedlings 
will compete against resident vegetation. 
Rangelands in need of reseeding tend to have been degraded by grazing or other 
activities that have reduced litter accumulation and decreased plant cover, resulting in 
increased bare ground. The result may be a warmer, drier, and more extreme 
microenvironment resulting in a shift to short-lived, disturbance-adapted species (Archer 
& Smeins, 1991 ). The resident vegetation to be used in this experiment will be 
monocultures of species representative of degraded Intermountain rangelands. The 
annual and perennial species selected are, respectively , cheatgrass (Bromus tectorum L.), 
and bottlebrush squirreltail (Sitanion hystrix Nutt.). 
3 
Overgrazing and frequent wildfires have led to the dominance of cheatgrass on 
over 40 million hectares in the Intermountain West (Mack, 1981 ). A dense stand of 
annual vegetation such as cheatgrass may compete so intensely with seeded or 
transplanted perennial species as to inhibit their establishment or reduce their vigor 
sufficiently to limit survival and growth (Pyke & Borman , 1993). The invasive ability of 
cheatgrass centers on several growth characteristics , including autumn germination , a 
lack of dormancy , rapid autumn (root) and spring (above ground) growth , a plastic 
response to competition (Harris , 1967), the potential production of more than 300 seeds 
per parent (Hulbert , 1955), persistence when grazed (Hulbert , 1955; Klemmedson &_ 
Smith , 1964; Pyke, 1987), and soil moisture depletion (Monsen , 1994). 
Squirreltail was selected as the perennial representative of disturbed sites because 
it tends to be an early successional plant species that inhabits gaps from previous 
disturbances. Squirreltail is widespread in the western United States (Hitchcock, 1971 ). 
The name derives from the Greek sitos (grain) , and hustrix (porcupine), alluding to the 
bristly spikes (Hitchcock, 1971 ). The awns of mature plants can cause serious injury to 
the eyes, nose, throat, and ears of animals (Whitson, 1992). While squirrel tail can be 
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grazed early and late (after seed head shattering) in its yearly phenological development , 
it still presents a problem as a potential cause of livestock injury . There is wide variation 
in the densities of squirreltail found on Intermountain rangelands . 
Hycrest crested wheatgrass was selected as the representative revegetation species 
because it has been shown to survive the ruminant digestive system of both cattle (Al-
Mashikhi , 1993) and sheep , and because of the vigor , productivity , and ease of 
establishment Hycrest has demonstrated on Intermountain rangelands (Asay et al., 1991). 
Rapid development of extensive root systems is important for successful plant 
establishment and growth in rangeland environments (Plummer, 1943; Harris , 1967; 
Briske & Wilson , 1977; Coyne & Bradford , 1985; Newman & Moser , 1988). Aguirre 
and Johnson ( 1991) evaluated Hycrest crested wheatgrass and cheatgrass , and found that 
cheatgrass had greater plant height, leaf area, total shoot dry weight , primary root length, 
number and order of branching of the second group of seminal roots , order of branching 
of the first group of adventitious roots , and total root dry weight than crested wheatgrass. 
This suggests that to overcome the stronger competitive advantages of resident cheatgrass 
vegetation , dung will need to play a role in securing an area of resource acquisition for 
crested wheatgrass seedlings . The same could be said for squirreltail , which has also 
been recognized as a strong competitor on Intermountain rangelands (Stevens & 
Anderson , 1996). 
Cattle and sheep are the most common domestic animals grazing Intermountain 
rangelands. Both animals are pre-gastric fermenting ruminants. However , because sheep 
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are more efficient at water reabsorption in the colon, the water content of sheep feces is 
much lower than that of cattle. This water difference is partially the reason for the 
different feces types , i.e., cattle dungpats and sheep dung pellets. The two different dung 
types will likely show great differences in their ability to suppress resident vegetation. 
The overall objective of this research is to evaluate the use of livestock for 
revegetating rangelands. More specifically , this project will examine how dung types 
( dungpats vs. dung pellets) differ in their ability to create gaps in, or suppress , resident 
vegetation , and evaluate which animal is the more effective seed disseminator , as 
measured by the germination and establishment of passed seed. 
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LITERATURE REVIEW 
Livestock as Seed Disseminators 
Seed dispersal by animals takes place through a variety of mechanisms , including 
dispersal by adhesion to the body (epizoochory) , dispersal by scattering and caching , and 
dispersal by passage through the gut ( endozoochory) (Herrera, 1989; Glenn-Lewin et al., 
1992). The survival or digestion of seeds during passage through the digestive tract of 
grazing ruminants has important implications for the population dynamics of the plant 
species involved and for the nutrition of the grazing animals (Gardener et al., 1993). A 
recent review of the literature on the recovery of ingested seeds (seeds eaten minus seeds 
digested) from feces of ruminants revealed many conflicting results : recovery of seed has 
ranged from high (60%) to extremely low (0%) with equally divergent effects on viabilit y 
(Simao Neto , 1985). Viable seed recovery from the gut also depends on a number of 
factors , such as the nature of the seed coat , the amount of seed in the diet , dietary quality , 
and animal mastication and rumination behavior (Janzen, 1984; Jones & Simao Neto , 
1987; Thomson et al. , 1990; Schupp , 1993). Also , there is no necessary correlation 
between numbers of seeds distributed by a particular agent and the value of that form of 
dispersal (Davidson & Morton , 1984; Schupp , 1993). 
Simao Neto et al. (1987), examining six tropical pasture species , found that total 
recovery of ingested seeds from cattle ( 48%) was significantly higher than from goats 
(20%) and sheep ( 11 % ) . The large differences in seed recovery between cattle and the 
small ruminants may be related to initial mastication and rumination. Sheep and cattle 
differ in the extent to which they chew and digest grains (Waldo, 1973). The passage of 
ingesta from the rumen to the lower parts of the digestive tract is governed by the 
reduction in particle size by rumination (Van Soest, 1982). The reticulo-rumen orifice in 
cattle is larger than in sheep, and more large particles (1-2.Smm sieve size) pass from the 
rumen (Poppi et al., 1985). The slower passage of larger seed by all animals , and the 
passage of more undamaged seed by cattle would be anticipated (Simao Neto et al., 
1987). 
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Percent germination usually decreases with longer residence in the digestive tract , 
(Simao Neto et al., 1987). Since feed of high quality passes more quickly through the 
digestive tract of ruminants (Church, 1970), diet quality has a significant influence on 
seed recovery , with animals fed a low-quality diet having a lower recovery of total seed 
than those fed a high-quality diet (Simao Neto & Jones, 1987). 
Studies by Simao Neto and Jones ( 1987) showed that percent seed recovery did 
not change with level of seed intake. It is their recommendation that if seed is being fed 
to animals for deliberate dissemination, it might be preferable to feed a given amount of 
seed in small quantities either to more animals , or on more occasions. This should 
distribute seed more evenly over the field, but should emergence be followed by 
unfavorable weather, the survival rate of seedlings would be greater if seed is fed on more 
occas10ns. 
Al-Mashiki (1993) fed various seeds of several grass species--bluebunch 
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wheatgrass [Pseudoroegneria spicata (Pursh) A. Love subsp . spicata], Hycrest crested 
wheatgrass , tall wheatgrass [Thinopyrum ponticum (Podp.) Barkworth and Dewey], 
Russian wildrye [Psathyrostachys juncea (Fisher) Nevski] , and Newby hybrid [Elytrigia 
repens (L.) Nevski X Pseudoroegneria spicata (Pursh) A. Love subsp . spicata]--to 
Holstein steers, and found that the highest recovery of seeds for all species occurred 2 and 
3 days after feeding. 
Animal dung may provide better microenvironmental conditions for germination 
and establishment (Janzen , 1984) than adjacent soil seedbeds. While considerable 
information is available in the literature regarding seed germination , seedling 
establishment , and growth characteristics of crested wheatgrass and other range grasses in 
soil seedbeds in the Intermountain West (Plummer , 1943; Mueggler & Blaisdell, 1955; 
Maynard & Gates , 1963; Hull, 1964; Wilson, 1971; Anderson & Marlette , 1986; 
Johnson , 1986; Young & Evans, 1986; Vallentine , 1989; Johnson & Aguirre , 1991 ), little 
information is available on the germination and establishment of these species in cattle 
dung or other animal feces (Akbar, 1994), and even less information is available on 
competitive interactions between seedlings in dungpats and surrounding resident 
vegetation. 
Dungpat Microenvironmental Effects on 
Seedling Germination 
Akbar (1994) found that the minimum dung temperature was equal to the 
minimum air temperature, whereas maximum dung temperature was usually considerably 
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higher than maximum air temperature. This difference was greater on sunny days and 
greater in the summer than in the winter. Greenham (1972) found the temperature within 
fresh cattle dungpats was lower than that of older dungpats . Once the surface crust 
started building up and evaporative cooling diminished , there was an increase in the 
temperature within the dungpat. 
Akbar (1994) observed that most crested wheatgrass seedlings , except those 
· growing from deeper depths in cattle dungpats, emerged through the developing crust 
during the spring , particularly when the crust was softened by precipitation . He also 
found that seedling recruitment and development were greatest at the peripheral region of, 
the cattle dungpat. 
Cattle dung can have relatively high amounts of nutrients that are important for 
plant establishment (2.5 to 4%N, 0.8% Na, 2.4% Ca, and 0.7% P) (Marsh & Campling , 
1970; Macqueen & Beirne , 1975; Stevenson & Dindal , 1987). Nutrient and total carbon 
content of cattle dung will be linked to many factors, including diet quality. 
Dung decompositon has been widely associated with increased levels of soil 
macroinvertebrate activity (Holter , 1979; Whitford et al., 1992), and with localized 
improvements in soil fertility (Petersen et al., 1956; Dickinson et al., 1981; Omaliko , 
1984). Working in a tropical pasture, Herrick and Lal (1995) found the soil immediately 
under cattle dung to have 67% greater air filled porosity and a 10% reduction in soil bulk 
density. These changes in soil structure were linked primarily to macroinvertebrate 
activity. 
Competitive Interaction of Seedlings and 
Resident Vegetation 
Plant establishment is governed not only by seed and seedling autecology , but 
also by interactions among plants during the establishment phase (Samuel & DePuit, 
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1987). Undesirable plants tend to be particularly competitive with desirable plants during 
the establishment phase (years 1-5) of development. Success in reseeding rangelands 
depends in part on a proper understanding of the competitive relationship among 
desirable and undesirable species during the establishment phase and an understanding of 
how management activities may reduce competitive interference (Pyke & Borman , 1993). 
Evans ( 1961) examined how different densities of cheatgrass affected growth and 
survival of crested wheatgrass . The study showed that shoot and root weights of crested 
wheatgrass decreased when grown with cheatgrass , and that decreases were greater as 
cheatgrass densities increased . Evans ( 1961) also looked at percent regrowth of crested 
wheatgrass (as an indicator ofrelative survival) and found that crested wheatgrass had 
regrowth rates of 71 %, 64%, 66%, 20%, and 5% when grown by itself and with 4, 16, 64, 
and 256 cheatgrass plants I 30.5 cm2, respectively. He concluded that chances for 
establishment of crested wheatgrass seedlings in the field under competition from the two 
latter densities would be very limited. Like cheatgrass , squirreltail has also been 
recognized as a strong competitor on Intermountain rangelands (Stevens & Anderson, 
1996). 
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Dungpat Disturbance (Gap Formation) 
Sousa ( 1984, p. 356), defined disturbance as " ... a discrete, punctuated killing , 
displacement, or damaging of one or more individuals (or colonies) that directly or 
indirectly creates an opportunity for new individuals (or colonies) to become 
established ." Grazing can increase diversity by reducing the capacity of competitive 
dominants to exclude other species via defoliation , trampling , and dung deposition 
(Archer & Smeins, 1991 ). Cattle may defecate as many as 14 times in a 24-h period 
(Weeda, 1967). Thus, substantial portions oflandscapes can be impacted by dw1g, 
depending upon the number of animals and their temporal and spatial patterns of 
movement (Senft et al., 1980; Welch, 1985). In contrast to larger scale, infrequent 
disturbances characterizing grasslands and savannas (e.g., drought , fire), frequent , small-
scale perturbations associated with dung deposition may contribute to the development of 
fine-textured mosaics of varying successional age-states (Brown & Archer , 1987). 
Bare areas created by dung ranged from 50 to 900 cm2 in size (Brown & Archer , 
1987). In a study by Coffin and Lauenroth (1988), cattle dungpats were measured at 
different locations within a grazing allotment and found to average 134 cm2 on uplands , 
167 cm2 on slopes, and 190 cm2 ori lowlands. Herbaceous cover on microsites impacted 
by dung in sub-humid south Texas recovered to levels comparable to that of adjacent 
non-dunged spots within one year, but species composition was altered (Brown & Archer, 
1987). In semiarid and arid environments, dung-impacted microsites may take longer 
until herbaceous cover returns to pre-disturbance levels. Although the living space 
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opened up by dung is not by itself a resource, it provides access to essential resources 
(McConnaughay & Bazzaz, 1991 ). Thus , space acts as a surrogate for resources . Plants, 
being sedentary during most of their lives, are space limited in all but pioneer vegetation 
(Glenn-Lewin et al., 1992). 
The term "safe site," as used by Harper (1977), describes a microsite in an area 
that has environmental conditions suitable for the germination of seeds and survival of 
seedlings of a particular species. The more microtopographic heterogeneity there is in an 
area, the more different kinds of safe sites are present, and the larger the number of 
species that should be able to become established (Glenn-Lewin et al., 1992). Spaces of 
sufficient size for colonization are normally made available by various forms of 
disturbance (Pickett & White, 1985; Grime, 1979). These spaces become colonized , 
either by extension growth of neighbors or via seeds, or both. It has been suggested that 
different species have different requirements for the kind of gap they are able to colonize 
and that this provides one or more dimensions in which niche separation may take place 
(Denslow , 1980; Grubb, 1977; Silvertown & Wilkins, 1983). Silvertown and Smith 
( 1988) feel that gaps may be the missing dimension that is needed to understand the 
mechanism of vegetation dynamics. Dung containing seed of a desirable revegetation 
species may create gaps that provide safe site requirements for seedling germiantion , and 
access to resources for successful plant establishment. 
To fully assess the feasibility of using domestic ruminants as seed disseminators, 
it must be determined that seeds can survive passage through the ruminant digestive tract 
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in a viable state and be deposited in a safe site where they are able to germinate and 
establish. In a real-world situation , this safe site would be among resident vegetation and 
require the seedlings to be able to successfully compete against different densities and 
different types of resident vegetation. Freshly deposited dung may kill or suppress 
resident vegetation and reduce competition by securing space for seedlings emerging 
from the dung (Janzen , 1984), and other possible benefits ofreduced chance of grazing . 
In addition to creating gaps, dung also fouls the area and may increase the possibility that 
seedlings emerging from a dungpat will be avoided by herbivores during this critical 
establishment time (Weeda , 1967). 
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MATERIALS AND METHODS 
Site Description 
Experimental plots were established at the Green Canyon Experimental Station, 
located 4 km north of the Utah State University campus (41 ° 45' N, 111 ° 48' W), at an 
elevation of 1460 m. The soil, a Green Canyon gravelly loam (loamy-skeletal, 
carbonatic, mesic, Typic Haploxeroll), is found on the upper part of alluvial fans formed 
at the mouth of Green Canyon from very stongly calcareous alluvium derived from 
dolomitic limestone. The soil is somewhat excessively drained and the pH is 7.9. 
Potential vegetation composition of this range site is big sagebrush [Artemisia tridentata 
Nutt.] , curlycup gumweed [Grindelia squarrosa (Pursh) Dun.], bluebunch wheatgrass 
[Pseudoroegneria spicata (Pursh) Scribn. and Smith], and bulbous bluegrass [Paa 
bulbosa L.] (USDA, 1974). Average annual precipitation is 490 mm with most of the 
precipitation falling as snow. The average yearly maximum temperature is 14.8 °C, and 
the average yearly minimum temperature is 2.8°C. The highest daily temperature in 
summer can reach 37.8°C, and the lowest daily temperatures in winter can reach -29.4°C. 
The frost free season is 130-150 days (Utah Climate Center , 1994). 
Resident Vegetation Plot Design 
Cheatgra;s seed was collected in June 1994 from rangelands near the Green 
Canyon Experimental Station. The seeds were air-dried and stored in the laboratory at 
20°C. Twelve low-density plots were seeded at a rate of 25 g of seed/plot, and 12 high-
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density plots were seeded at a rate of 100 g of seed/plot, in late February, 1995. The plots 
( 1 m x 1 m) were lightly raked , seeded, reraked , and watered to ensure seed contact with 
soil. The mean densities of established cheatgrass, estimated from eight 20-cm diameter 
subsamples taken from two plots of each density, were 4,200 plants m-1 for the low-
density plots and 17,500 plants m-1 for the high-density plots (Figure l) _ 
Squirreltail plants were transplanted from the Tintic Research Site (40°N, 112° 
W), in Central Utah , to the Green Canyon Experimental Station in September 1994. The 
squirreltail transplants were fairly uniform in size (average 15 cm in crown diameter). 
The squirreltail plots were laid out in a double-hexagonal planting design with target 
plants in the center, as used by Humphrey (1995). This layout is a modification of the 
single-hexagonal approach (Fasoulas, 1973; Boffey & Veevers, 1977; Antonovics & 
Fowler , 1985). This vegetation layout is an improvement over simple triangulation 
spacing for this type of experiment because it maintains even spacing like the 
triangulation method , but is based on two concentric rings (Figure 2). This planting plan 
is better suited for analyzing competitive interactions between the plants in the center of 
the plots and peripheral resident vegetation. The 12 low-density squirreltail plots (2 m x 
2 m) had 45 cm (on center) spacing between plants , or a density of 4.75 plants m-2. The 
12 high-density squirreltail plots (l m x 1 m) had 22.5 cm (on center) spacing between 
plants , or a density of 19 plants m-2• The densities of the squirrel tail resident vegetation 
plots were selected to be representative of the range of densities in which these plants are 
found on Intermountain rangelands. There were also six control plots consisting of three 
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cattle dungpats and three groups of sheep dung pellets placed on bare ground. 
Dung Collection, Placement, and 
Characterization 
Four Holstein steers (250 kg I each) and four Suffolk ewes (50 kg I each) were 
placed in separate metabolism pens and fed a standard grass hay diet (Bromus inermis 
Leysser, Dactylis glomerata L., Festuca arundinacea Schreb., Phleum pratense L., 
Juncus spp.; 69% in vivo dry matter digestibility, 7.8% crude protein, 63.6% neutral 
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detergent fiber , and 39.2% acid detergent fiber), with continuous access to water. A daily 
intake of 6.25 kg of grass hay per steer, and 1.25 kg of grass hay per ewe, was equally 
divided between morning (0800 h) and evening (1600 h) feeding times. There was a 5-
day adjustment period to allow the animals to accustom themselves to the diet and their 
surroundings. The cattle and sheep were then fed 60,000 (210.0 g) and 15,000 (52.5 g) 
Hycrest crested wheatgrass seeds, respectively . The seed feeding amounts represent a 
small portion of an animal's daily intake requirement (3 .4% for cattle and 
4.2% for sheep, assuming feed intake per day at 2.5% body weight) and could potentially 
be fed to livestock on a daily basis. To ensure that the animals ate all the seed, molassas 
was added to facilitate the seeds adhering to a small quantity of grass hay. Once the grass 
hay and Hycrest seeds were eaten (it required less than an hour), the animals continued to 
consume their standard grass hay diet. 
Unpassed Hycrest seed was tested for germinability in a growth chamber with a 
12-h dark period at l0°C, and 12-h light period (intensity of 400 umol m-2 s·2) at 20°C. 
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Fifty Hycrest seeds were placed on filter paper in each of four petri dishes for a 4-week 
period . Filter paper was kept moist with daily additions of distilled water. Seeds were 
considered germinated when the coleoptile had emerged and the radical had elongated to 
5 mm (Copeland , 1978). The unpassed Hycrest seed had a germination rate of 89.5%. 
At the time when maximum numbers of germinable seed passage has been shown 
to occur, from 24 to 36 h after seed ingestion for cattle (Al-Mashikhi , 1993) and 12 to 24 
h after ingestion for sheep, the dung was collected and held over night in a large covered 
plastic container to minimize water loss. The dung was thoroughly mixed to ensure an 
even seed distribution. With cattle dung this involved mixing individual dungpats 
together , whereas the sheep dung pellets were thoroughly mixed, while keeping the 
individual pellets intact. Thorough mixing of the dung was considered very important 
since preliminary seed passage results indicated that there was great variability in the 
number of passed seed from animals of the same breed, sex, weight , and age. 
The cattle dung was divided into 27 dungpats weighing 1.5 kg each, and the sheep 
dung was divided into 27 groups of 65 pellets each . This quantity of dung was 
representative of an average defication size for each animal type. The cattle and sheep 
dung was then dropped on target plants and target areas of all 48 resident vegetation 
treatment plots to simulate impact on resident vegetation, and on six control plots (bare 
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ground). The height from which the dung was dropped was representative of each animal 
type. Cattle dung, formed into a cylindrical shape, was dropped by hand on target plants 
and target areas from a height of approximately 120 cm, and sheep dung pellets were 
dropped from approximately 70 cm. The size of the area impacted by the dung was 
controlled by an open-ended bucket placed on the ground. All cattle dungpats entirely 
covered the area within the bucket (20 cm in diameter) , or 314 cm2• The 65 sheep dung 
pellets were deposited within the 20 cm diameter target area established by the same 
bucket. Dung of both animal types was deposited on the plots the first week of May 
1995. 
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Subsamples of each dung type were used to characterize the dung, and number, 
condition, and germinability of passed Hycrest seed contained within the dung. Length 
and width of a subsample of 65 sheep dung pellets were measured . Ten subsamples of 
sheep dung, containing 65 pellets each and five subsamples of ca,ttle dung , 1.5 kg each, 
were washed through successively smaller sieves (9.5 mm, 4.75 mm, and 2mm) to 
recover passed seed . The seeds were then separated into two groups , either damaged or 
undamaged (no visible damage to the lemma and palea under lOx lens). Damaged and 
undamaged seed were then tested for germinability in a growth chamber with a 12-h dark 
period at 10°C, and 12-h light period (intensity of 400 umol m·2 s·2) at 20°C for a 4-week 
period . Seeds were considered germinated when the coleoptile had emerged and the 
radical had elongated to 5 mm (Copeland, 1978). Water content of the cattle and sheep 
dung was determined by placing four cattle dungpats (1.5 kg each) and four sheep dung 
pellet groups (65 pellets each) in a dryer for 5 days at 60°C. 
The experiment was arranged in a split-plot, completely randomized design, with 
six replicates of each animal dung type/resident vegetation type/resident vegetation 
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density treatment, and three replicates each of cattle dungpats and sheep dung pellets on 
bare ground (control plots) (Figure 3). 
Dung Suppression of Resident Vegetation 
The ability of cattle and sheep dung to suppress the different types of resident 
vegetation was determined by quantifying the number of cheatgrass plants or squirreltail 
tillers growing in the target area or on the target piant before dung deposition , and 
comparing them to the number of plants or tillers that survive by growing around or 
through the dung . Suppression of resident vegetation , expressed as mean percent 
suppression , was examined by analysis of variance, with means separated using Tukey's 
HSD Test (P<0.05) (Hintz, 1995). 
Hycrest Recruitment, Survival, and Development 
Plots were monitored for Hycrest seedling recruitment and survival throughout 
the first growing season following dung placement. Emerging seedlings were grouped 
into cohorts on a weekly basis until emergence ceased. Each weekly cohort was marked 
with a different colored wire placed around new seedlings . Seedling survival was 
analyzed using the survival package in the Number Cruncher Statistical System (Hintz, 
1995). Survival plots were analyzed for best fit by examining the log-likelihoods for 
each distribution. A log-rank test (Lee, 1992) was used to determine differences between 
the survival curves of the different dung type/resident vegetation type/resident vegetation 
density treatments. 
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Figure 3. Split-plot, completely randomized experimental design. Six replicates of 
each animal dung type/resident vegetation type/resident vegetation density treatment 
and six control plots, three each of the two dung types placed on bareground . One plot 
of each pair randomly received either sheep or cattle dung. 
Hycrest plants that survived until the end of the growing season were monitored 
for the number of tillers per plant. Tiller number data were used in place of actual dry-
weight biomass as a measure of Hycrest development because of the heavy amount of 
insect herbivory experienced in late August and early September. Tiller number data 
were subjected to analysis of variance , and means were separated using Tukey's HSD 
Test (P<0.05) . 
Monitoring Resident Vegetation 
23 
One week after the dung was deposited on the plots , it became evident that the 
cheatgrass plants around the periphery of the cattle dungpats and among the sheep dung 
pellets were performing better than other cheatgrass plants within the plot. Height of the 
cheatgrass and intensity of green color of the foliage were used as indicators of good 
performance. In order to quantify the positive effects that dung had on resident 
vegetation (nutrient boost and/or gap formation ), six mini-transects were established on 
all resident vegetation plots. The six transects , radiating out from the dunged area, 
identified three tillers (marked with colored wire) at three distances from the dung. For 
the annual resident vegetation plots , one tiller was located immediately adjacent to the 
dung , a second tiller 15cm from the dung , and a third tiller 30cm from the dung . The 
perennial resident vegetation plots used one tiller on the target plant (on sheep plots only, 
since all target plants were suppressed by cattle dung), and a second and third tiller on the 
interior and exterior circle of plants, respectively . Squirreltail plants were measured for 
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height and leaf development each month of the field season. Cheatgrass was also 
measured for height throughout the field season, and dry-weight biomass and fecundity 
data were collected at the end of the growing season. Because cattle dung successfully 
suppressed all squirreltail target plants , the resident vegetation data represented an 
incomplete design . The data were analyzed using three separate analysis of variance 
designs: two· 3-way factorial , split-plot designs, and one 4-way factorial, split-plot 
· design. The splits were based on dung type. Means were separated using Tukey's HSD 
Test (P<0.05). 
Because cheatgrass proved to be such a strong competitor with developing 
Hycrest plants , additional measurements were made to determine if cheatgrass roots 
penetrated into the soil profile directly below the dung. Soil core samples were taken in 
early August to quantify the amount of root biomass found at three locations and three 
depths . The three locations were under the dung, immediately adjacent to dung , and 30 
cm away from dung: At these three locations , a soil core sample was taken at three 
different depths : 0-10 cm, 10-20 cm, and 20-30 cm. The soil core sample was collected 
by hammering a galvanized steel pipe (6.5 cm inside diameter) into the ground to the 
three specified depths (Figure 4). The pipe was removed by excavating a soil profile 
section adjacent to the pipe . A flat-bladed knife was placed under the pipe so that little of 
. 
the soil core sample was lost. Two high- and two low-density cheatgrass plots of each 
animal type were sampled. Soil was washed through successively smaller sieves sizes, 
9.5 mm, 4.75 mm, and 2 mm (USA Standard Sieve Trays) , and roots were removed from 
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Figure 4. Cheatgrass resident vegetation monitoring (below ground). Soil core samples 
were taken at three locations (under, immediately adjacent, and away [30 cm]) in 
proximity to the dung and at three depths (0-10 cm, 10-20 cm and 20-30 cm) in the soil 
profile. 
the sieves using tweezers. Roots were then placed in a drying oven for 3 days at 60°C 
and weighed. Data were analyzed by analysis of variance using a 4-way factorial in a 
split-split plot design . The split plot was based on dung type and the split-split plot was 
based on cheatgrass density. 
Total Nitrogen and Organic Carbon 
Content of Soil 
At the same time that cheatgrass root biomass samples were taken, additional soil 
samples were collected at the same three locations at the surface of the soil profile to 
characterize the extent of nutrient transfer between the dung and the soil. These soil 
samples were analyzed for total nitrogen using the Kjeldahl method (Bremner & 
Mulvaney, 1982), and for organic carbon using the Walkley-Black test (Nelson & 
Sommers , 1982). Soil samples were analyzed at the Utah State University Analytical 
Laboratories. Data were analyzed by analysis of variance and means were separated 
using Tukey's HSD test (P<0.05). 
Acronyms Used for Plot Treatments 
The acronyms used for the various plot treatments are: 
CPL- cattle dung on perennial low-density vegetation ; 
CPH- cattle dung on perennial high-density vegetation ; 
CAL- cattle dung on annual low-density vegetation ; 
CAH- cattle dung on annual high-density vegetation ; 
CBG- cattle dung on bare ground (control plots) ; 
SPL- sheep dung on perennial low-density vegetation ; 
SPH- sheep dung on perennial high-density vegetation ; 
SAL- sheep dung on annual low-density vegetation ; 
SAH- sheep dung on annual high-density vegetation ; 
SBG- sheep dung on bare ground (control plots). 
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RESULTS 
Dung Characterization and Hycrest Seed 
Content 
The average sheep dung pellet was an oval form, measuring 13.4 ± 0.26 mm(± 
standard error) in length by 10.4 ± 0.13 mm in width. Sixty-five dung pellets covered 
only 23% (72 cm2) of the target area. Sheep dung pellets , on average , contained 61 % 
water. The estimated average dry weight of 65 dung pellets deposited per plot was 
23 .4 g. Thirty-seven seeds were recovered from 10 sheep dung subsamples . Of these, 24 
seeds (or 65%) showed no apparent damage from passage through the gut of the sheep, 
while 13 seeds (35%) showed various amounts of damage (visible damage to lemma and 
pal ea under 1 OX lens). Seventy-nine percent of the undamaged seeds germinated , while 
none of the visibly damaged seeds germinated . From this subsample , it is estimated that 
the average sheep dung treatment plot (with 65 dung pellets) contained only 3. 7 Hycrest 
seeds, 2.7 of which were undamaged , and only 1.9 of which were germinable. 
Cattle dung covered 100% of the 20 cm diameter target area. Four cattle dungpats 
were oven dried and found to contain an average of 84% water. A total of 1,970 seeds 
was recovered from the five 1.5 kg cattle dungpats (mean=394 ± 13 seeds) . Of these, 
1765 seeds (mean=353 ± 6) seeds showed no visible damage from passage through the 
gut, while 205 seeds (mean=41 ± 8 seeds) showed various amounts of damage . Three 
hundred thirtyt-five (19%) of the undamaged seeds germinated, while six (2.9%) of the 
damaged seed germinated. The petri dishes containing passed seed became contaminated 
• 
by fungi, which may have reduced the rate of seed germination. Al-Mashiki (1993) 
found that Hycrest seeds had a mean germination rate of 22% after 24 h of in vitro 
incubation in cattle rumen fluid . 
Dung Suppression of Resident Vegetation 
28 
In comparing the amount of resident vegetation ( cheatgrass plants and squirrel tail 
tillers) within the target area before and after dung deposition, it became apparent that at 
the time of dung deposition (first week of May 1995), not all of the cheatgrass seeds had 
germinated . This was due to the unseasonably cool temperatures and high amount of 
precipitation experienced during the spring in northern Utah of 1995 (Figure 5). For 
sheep dung treatment plots, the number of cheatgrass plants counted at the end of the 
season was more than before dung deposition . On CAH plots , cattle dung suppressed 
(killed) 35% of the plants in the target area, while SAH dung plots experienced a 222% 
increase in the number of cheatgrass plants . Similarly , on CAL plots 55% of the 
cheatgrass plants were killed , while on SAL plots the number of cheatgrass plants 
increased by 131 %. The suppression of resident vegetation was lower than expected , 
especially for cattle dung. 
Shrinkage of cattle dungpats , in addition to later cheatgrass germination , may 
explain why a relatively large number of cheatgrass plants were able to survive within the 
target area. Initially, all cattle dungpats completely covered the 20 cm diameter target 
area (314 cm2). By the end of the field season, the average cattle dungpat was 18.8 cm in 
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Figure 5. Mean weekly temperatures (a) and precipitation (b) from May 6 (week 1) to 
September 16 (week 20) at the field study site; long-term average temperatures and 
precipitation (solid squares) and 1995 growing season temperatures and precipitation 
( open circles). 
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diameter (278 cm2 in area), a reduction in area covered of 11.4%. 
On SPL and SPH plots , sheep dung had no suppressive effect on the number of 
live, growing tillers. Cattle dung, on the other hand, was effective in suppressing 
perennial bunchgrass plants. Cattle dung suppressed (killed) 93% and 97% of the 
squirrel tail tillers on CPH and CPL plots , respectively (Table 1 ). The few squirrel tail 
tillers that survived cattle dung deposition remained prone on the ground , yet still 
flowered and set seed. 
Hycrest Recruitment, Survival, and 
Development 
30 
There was little comparison between animal types, as cattle were much better than 
sheep as vectors for Hycrest seed dispersal. On the 27 various cattle dung treatment 
plots , 979 Hycrest seedlings emerged from the dung, whereas on the 27 sheep dung 
treatment plots , only three seedlings emerged from the dung, none of which survived 
beyond the I 0th week of the study. In analyzing Hycrest survival data for different cattle 
treatment plots , the log normal distribution provided the best fit as determined by the log 
likelihood value. The CBG plots had the best survival , followed by the CPL, and CPH 
plots, respectively. All Hycrest recruits were dead by week 8 in cattle dungpats on CAL 
and CAH plots (Figure 6). The CBG plots had significantly (P=0.002) greater Hycrest 
survival than the CPL plots according to the Peto and Peto's log-rank test (Lee, 1992) 
(Table A. l in appendix). Hycrest survival on CPL and CPH plots were not significantly 
(P=0.0655) different (Table A.2). 
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Table 1 
Mean% suppression(± standard error) of resident vegetation by cattle and sheep dung 
Treatment* Mean 
CPL 96.74 ± 1.07 
CPH 93.30 ± 4.33 
CAL 55.04 ± 3.78 
CAH 34.64 ± 12.90 
SPL 0 
SPH 0 
SAL - 130.78 ± 17.54 
SAH - 221.84 ± 27.69 
*CPL= cattle dung on perennial low-density vegetation, CPH= cattle dung on perennial high-
density vegetation , CAL= cattle dung on annual low-densit y vegetation , CAH= cattle dung 
on annual high density vegetation , SPL= sheep dung on perennial low-densit y vegetation , 
SPH= sheep dung on perennial high-density vegetation , SAL= sheep dung on annual low-
density vegetation , and SAH= sheep dung on annual high density vegetation . 
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Figure 6. Proportional survival of Hycrest plants in cattle dungpats on: perennial low-
density vegetation (CPL), perermial high-density vegetation (CPH), annual low-density 
vegetation (CAL) , annual high-density vegetation (CAH), and bareground control plots 
(CBG) during the 1995 growing season. The CBG treatment had significantly (P=0.002) 
greater survival than all other treatments. Hycrest recruitment began on May 20, two 
weeks after dung deposition . 
Hycrest seedlings were grouped into weekly cohorts during the emergence period. 
For CPL plots , the log-rank test showed that Cohort 1 (first cohort, germinating 2 weeks 
after dung deposition) had significantly better survival (P=0.002) than cohort 2, and 
cohort 2 had significantly better survival (P<0 .001 )than cohort 3 (Table A.3). There 
were five cohort classes, but cohorts 4 and 5 had no surviving plants by the end of the 
growing season . Seeds that germinated early had an increased likelihood of survival 
(Figure 7). The CPH cohort survival data showed similar results. 
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No Hycrest seedlings survived to the end of the growing season on CAL plots . 
Average survival times , however , were longer for earlier cohorts. Maximum survival 
times for cohorts 1, 2, 3, and 4 were 7, 6, 5, and 4 weeks, respectively (Figure 8). The 
CAH cohort survival data showed similar results . There was one less cohort class on 
CAL plots than on the CPL plots . Cheatgrass resident vegetation easily outcompeted all 
Hycrest recruits emerging from cattle dung. 
Cheatgrass resident vegetation also appeared to limit the number of Hycrest 
seedlings emerging from dung. The mean numbers of Hycrest recruits on various 
treatments were CPL = 46 .5 ± 9, CPH = 50.2 ± 12, CAL = 21.3 ± 7, CAH = 24.2 ± 4, and 
• 
CBG = 42.0 ± 7. The mean number of Hycrest recruits from cattle dungpats on the two 
resident vegetation plant types were squirreltail plots= 48 .3 ± 11, and cheatgrass plots 
=22 .8 ± 6. Hycrest recruitment on the cheatgrass plots was significantly lower (P<0.001 , 
DF= 2, F-Ratio =29.21) than on either the control plots or the squirreltail plots (Table 
A.4) . Cheatgrass treatments had only had 47% and 54% of the Hycrest recruitment found 
on squirreltail treatments and control treatments , respectively (Figure 9). 
The mean number of tillers on surviving plants at the end of the growing season 
was used to quantify Hycrest development. The CBG plots had the greatest tiller 
development with 3.3 ± 0.4 tillers per surviving plant , which was significantly (P=0.02 , 
DF=l , F-Ratio=5 .82) greater than CPL plots with 1.8 ± 0.4 tillers per surviving plant 
(Table A.5). Tiller development on CBG plots was not significantly (P=0 .053, OF= 1, F-
Ratio=4 .08) different from the 1.3 ± 0.8 tillers per plant on the CPH plots (Table A.6). 
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Figure 7. Proportional survival of Hycrest cohorts in cattle dungpats on perennial low-
density vegetation during the 1995 growing season . Cohort 1 had significantly (P=0.002) 
greater survival than cohort 2, which had significantly (P<0.001) greater survival than 
cohort 3. Cohort 1 emerged 2 weeks after dung deposition on May 6; cohort 2 emerged 
the following week , etc. 
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Figure 8. Proportional survival of Hycrest cohorts in cattle dungpats on annual low-
density vegetation during the 1995 growing season. Cohort 1 emerged 2 weeks after 
dung deposition on May 6; cohort 2 emerged the following week, etc. 
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Figure 9. Mean number of Hycrest plants in cattle dungpats on: perennial low-density 
vegetation (CPL), perennial high-density vegetation (CPH), annual low-density 
vegetation (CAL), annual high-density vegetation (CAH), and bareground control plots 
(CBG) during the 1995 growing season . The CPL, CPH, and CBG treatments had 
significantly (P<0.001) greater Hycrest recruitment than the CAL and CAH treatments . 
Hycrest recruitment began two weeks after dung deposition on May 6. 
There were, however, many more surviving Hycrest plants on CBG plots than on the 
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CPL plots. The average CBG dungpat had 7.7 ± 4.0 surviving plants, compared to 3.3 ± 
3.2 and 1.0 ± 1.7 on CPL and CPH plots, respectively. The mean number of Hycrest 
tillers per dungpat were 25.3, 6.2, and 1.3 for the CBG, CPL, and CPH plots, 
respectively. 
Resident Vegetation Growth Response to Dung 
The two resident vegetation types had a markedly different response to the gap-
formation and nutrient boost from the dung. Cheatgrass resident vegetation responded 
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almost immediately to adjacent cattle and sheep dung. Cheatgrass plants in these 
locations had a darker green color and greater height than cheatgrass in other locations 
within the plot , and these differences continued throughout the growing season. In 
contrast , squirreltail, as are most perennial plants, is more conservative in its growth than 
annual plants. I found no significant growth response from squirreltail plants adjacent to 
the dung, as compared with plants away from the dung. A measurable growth response 
may require squirreltail plants to be closer to dung than in the CPH plots (22.5 cm 
spacing) . 
Cheatgrass plants adjacent to dung had significantly (P<0.05 , DF=2) greater 
height than plants at other locations at all monitoring times during the field season, 
except on the CAL treatment (P=0.0631, DF=2) on August 1 (Table 2 and Tables A.7. l-
A.7.12). Cheatgrass plants adjacent to dung also had significantly (P<0.05, DF=2) 
greater per plant biomass (Table 2 and Tables A.8. l-A.8.4) and significantly (P<0.05, 
DF=2) greater per plant fecundity levels (Table 2 and Tables A.9.l-A.9.4) than cheatgrass 
plants away from the dung. 
By August I, in addition to the location main effect , there was a significant 
(P<0.001) density main effect for inean cheatgrass plant height (Table A. I 0). Density-
dependent factors reduced plant height in the high-density cheatgrass plots as compared 
to the low-density cheatgrass plots. When averaged across both dung types in low-
density cheatgrass plots , the mean heights of plants adjacent to dung, 15 cm from dung, 
and 30 cm from dung were 37.02 ± 0.88 cm, 32.29 ± 0.96 cm, and 32.31 ± 0.96 cm, 
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Table 2 
Cheatgrass response to dung as measured by height, dry-weight biomass, and fecundity at 
three locations in proximity to the dung (location 1 = immediately adjacent to dung , 
location 2= 15cm from dung, and location 3= 30cm from dung). Within treatments , 
different letters ca-c) are significantly different as determined by Tukey's HSD (P<0.05) 
Height 
(cm) 
June July August Biomass Fecundity 
*Treatment Location 1 1 1 (g I plant) (#seeds I plant) 
CAL 8.7P 18.3 P 36.49a o.2sa 22.14 a 
2 5.50b 14.31 b 32.83a 0.14b 13.67b 
3 5.25b 13.00b 32.3 P 0.13b 13. 78b 
CAH 8.1oa 16.67a 30.soa o.1sa 12.22a 
2 4.94b 13.56b 23 .11 b 0.06b 3.69b 
3 4.89b 12.01 b 22.82b 0.05b 4.53b 
SAL 7.2P 18.88a 37 .56a 0.16ab 16.14ab 
2 5.54b 15.07b 31. 75b o.1o c 11.ll c 
3 5.35b 13.68b 32.31 b o.12bc 14.39bc 
SAH 1 7.5P 18.32a 31.24a o.o9ab 6.33a 
2 5.49b 14.83b 26.00b o.o6 c 4.50b 
3 5.18b 13.43b 24.17b 0.07bc 4. l 9b 
*CAL= cattle dung on annual low-density vegetation , CAH= cattle dung on annual high-density 
vegetation , SAL= sheep dung on annual low-density vegetation, and SAH= sheep dung on annual 
high-density vegetation. 
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respectively . The mean heights of plants in high-density cheatgrass plots were 30.87 ± 
0.72 cm, 24.56 ± 0.83 cm , and 23.49 ± 0.93 cm, respectively. 
Animal , density , and location main effects and animal x location interactions also 
significantly affected cheatgrass fecundity (Table A.11) and biomass (Table A.12) . The 
fecundit y, or the amount of seed produced per cheatgrass plant , on cattle and sheep 
treatments was 11.67 ± 0.68 seeds and 9.44 ± 0.51 seeds , respectively . Cheatgrass 
fecundity levels for low- and high-density plots across dung types were 15.20 ± 0.64 
seeds and 5.91 ± 0.35 seeds , respectively. Fecundity levels across dung type s and plant 
densitie s at three location s (adjacent , 15 cm, and 30 cm) were 14.2 1 ± 0.83 seeds, 8.24 ± 
0.59 seeds , and 9.22 ± 0.53 seeds , respectivel y. 
The aboveground , dry-weight biomass per cheatgrass plant , on cattle and sheep 
treatments were 0.13 ± 0 .008 g and 0.10 ± 0.005 g, respecti vely . Cheatgrass biomass 
levels for low- and high-densit y plots across dung types were 0.15 ± 0.007 g and 0.08 ± 
0.004 g, respectively . Biomass levels across dung types and plant densities at three 
location s (adjacent , 15 cm , and 30 cm) were 0.16 ± 0.010 g, 0.09 ± 0.007 g, and 0.09 ± 
0.007 g, respectivel y. 
Cheatgrass Root Biomass 
Cheatgrass root biomass differed with depth in the soil profile . There was 
significantly (P '5::0.001) more cheatgrass root biomass found at the shallow soil depth (0-
10 cm) , as compared to the 10-20 cm and 20-30 cm soil depths, on all annual resident 
• 
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vegetation treatments (Table 3 and Tables A.13.l-A.13.4). There was no significant 
(P>0.368) difference in the amount of cheatgrass root biomass at the three locations 
(under dung, adjacent to dung, and away from dung) on any annual resident vegetation 
treatments (Table 3 and Tables A.13.l-A.13.4). Thus, there was no significant difference 
in the amount of cheatgrass root biomass found under cattle dung, as compared with 
locations under growing cheatgrass plants . 
Total Nitrogen and Organic Carbon 
Content of Soil 
Total nitrogen contents at the three soil locations (under, adjacent, 30 cm away 
from cattle dung) on cheatgrass plots were 0.19 ± .011 %, 0.18 ± .009%, and 0.18 ± 
.013%, respectively, with no significant (P=0.5589, DF=2 , F-Ratio=0.62) difference 
between locations (Table A.14.1 ). Organic carbon levels at the same locations were 2.42 
± .282%, 2.10 ± .131%, and 1.91 ± .154%, with no significant (P=0.2506, DF=2 , 
F-Ratio=l.62) differences between locations (Table A.14.2). 
Total nitrogen contents at the three soil locations (under, adjacent, and 30 cm 
away from sheep dung) on cheatgrass plots were 0.21 ± .026%, 0.19 ± .011 %, and 0.18 ± 
.011 %, respectively, with no significant (P=0.4566, DF=2, F-Ratio=0.86) differences 
between locations (Table A.15 .1 ). Organic carbon levels at the same locations were 2.40 
. 
± .341 %, 2.04 ± .167%, and 1.98 ±.155% , respectively, also with no significant 
(P=0.4236, DF=2, F-Ratio=0.95) differences between locations (Table A.15 .2). 
There was no significant (P=0.9784, DF=l , F-Ratio=0.00) difference in the 
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Table 3 
Cheatgrass dry-weight root biomass is given for three locations [ under , immediately 
adjacent, and away (30 cm) from dung] in proximity to the dung and three depths (0-10 
cm, l 0-20 cm, and 20-30 cm) in the soil profile . Within treatments , different letters ca-c) 
are significantly different as determined by Tukey's HSD (P<0.05) 
Location Analysis Depth Analysis 
Root Biomass Depth Root Biomass 
Treatments Location (g) (cm) (g) 
CAL 0.16 a 0-10 0.29a 
2 0.13a 10-20 0.08b 
3 o.1sa 20-30 0.07b 
CAH 0.1 P 0-10 0.29a 
2 0.173 10-20 0.08b 
3 0.14a 20-30 0.05b 
SAL o.12a 0- 10 0.24a 
2 o.12a 10-20 0.06 b 
3 0 .13a 20-30 0.06b 
SAH o.22a 0-10 o.so a 
2 o.21a 10-20 0.13b 
3 0.23a 20-30 0.09b 
*CAL= cattle dung on annual low-density vegetation, CAH= cattle dung on annual 
high-density vegetation , SAL= sheep dung on annual low-density vegetation , and SAH= 
sheep dung on annual high-density vegetation. 
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amount of organic carbon in the soil under cattle (2.42 ±.282%) and sheep (2.40 ± 
.341%) dung (Table A.16 .1). There was also no significant (P=0 .5840) difference in total 
nitrogen in the soil found under cattle (0.19 ± .011 %) and sheep (0.21 ± .026%) dung 
(Table A.16.2) . 
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DISCUSSION 
Hycrest recruitment and establishment in dung is ultimately affected by a complex 
interaction between abiotic and biotic factors. Arid and semiarid rangelands in the 
Intermountain West are greatly influenced by abiotic factors , and precipitation will 
always play an important role in the success of all reseeding projects , either by traditional 
means or by using livestock. Biotic factors also played an important role. Interspecific 
plant competition affected Hycrest recruitment , development, and survival. Hycrest had 
its highest survival when there was no interspecific plant competition , and lower survival 
when perennial plant competition was present. Cheatgrass proved to be too strong of a 
competitor , easily excluding all Hycrest recruits midway through the growing season. 
Other biotic factors limiting Hycrest establishment were insect herbivory, seed predation , 
and possibl y intraspecific competition. 
Biotic Factors Limiting Hycrest Establishment 
Research by Akbar (1994) showed that seedling emergence and survival were 
significantly greater at the peripheral region of cattle dungpats than at the core region. 
Seedlings that emerged in the core region remained in a weakened vegetative stage, while 
most of the seedlings that emerged from the peripheral region were more vigorous in the 
vegetative stage and were able to set seed by the end of the growing season (Akbar, 
1994). While there may be microenvironmental and other advantages to seedlings 
emerging at the periphery of the dungpat, such as ease at which seedlings in these 
locations can get their roots into the underlying soil profile, insect activity within the 
dungpat may also play a role. 
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A complete modification of the cattle dungpat structure had occurred by the end 
of the growing season. The entire underside of dungpats had been hollowed , leaving a 
pile of fine detritus from the dungpat on the ground below (Figure 10). Weevils 
[Otiorhyncus meridionalis (Gyll.)] were found on several occasions while destructively 
sampling cattle dungpats . This particular type of weevil , while in the larvae form, is 
known to feed on roots (pers. comm. Hanson , 1996). This weevil , and possibly other 
insects , may have been responsible for modifying the structure of the cattle dungpats and , 
feeding on the roots of the many seedlings growing on the central core region of the 
dung. The insects may have avoided the periphery of the dungpat and top of the dungpat 
to maintain a protective cover that sheltered them from predators . Insect modification of 
the dungpat structure may lead to greater seedling mortality in addition to the 
microenvironrnental disadvantages of growing at the center of the dungpat. 
Grasshoppers (Acrididae family) were responsible for a great deal of herbivory to 
the Hycrest seedlings late in the growing season . Hycrest seedlings , noted for their 
seedling vigor, tend to remain photosynthetically active for their entire first growing 
season (Asay et al., 1985). When most plants at the site had senesced , Hycrest seedlings 
offered a nutritious diet for insects . For this reason, the Hycrest plants experienced heavy 
herbivory in late August and September of a dry summer , when few other plants were 
actively growing . Because of this herbivory , only one Hycrest plant set seed, and it was 
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Figure 10. Cattle dungpat cross section. At the end of the growing season, the cattle 
dungpat had been hollowed by insect activity . Surviving Hycrest plants tended to be 
located on the periphery of the dungpat. 
impossible to measure Hycrest development in terms of biomass production. 
The ability of dung to suppress resident vegetation has ramifications for the 
survival of seedlings emerging from the dung. The recruitment and establishment of the 
seeds emerging from dung are affected by the size of the area secured by the dung, which 
reduces direct competition for available resources such as nutrients and light. Seedlings 
. 
that ultimately survive on cattle dungpats do not take full advantage of the suppressive 
effects that cattle dung has on resident vegetation . Whatever the reason for the tendency 
for surviving seedling to be located on the periphery of the dungpat, whether due to 
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microenvironmental or biotic (insect) factors, this location is not ideal from an 
interspecific plant competition perspective. Plants on the periphery of the dungpat will 
be closer to other resident vegetation species and have to contend with higher levels of 
interspecific plant competition than plants that would germinate and establish at the 
center of the dungpat. 
Plants that establish at the periphery of the dungpat , closer to the soil surface, do 
have a possible advantage in the future. Ultimately , the dungpat is going to break down. 
Plants that germinated and established at the center of a dungpat could possibly be 
elevated a considerable distance (3-4 cm) off the ground. This elevated location may 
cause the meristematic region of the plant to have greater exposure to herbivores , fire, 
and damage due to freezing , and fail to provide the plant with proper anchorage near the 
soil surface. 
Abiotic Factors Limiting Hycrest 
Establishment 
In arid and semiarid environments , abiotic factors such as precipitation play an 
important role in determining seeding success. The total amount of precipitation for the 
1995 growing season (May-September) was 117% of average precipitation. The 
precipitation distribution, however, was not average. May and June both had 178% of the 
average monthly precipitation. The remainder of the growing season, July , August and 
September, had 94%, 15%, and 18%, respectively, of average monthly precipitation. The 
cool , wet spring provided an extended period of time that was ideal for Hycrest 
recruitment. Hycrest seedlings were emerging from dung a full 6 weeks after dung 
deposition (until mid-June). This successful recruitment may then have proven 
detrimental to Hycrest survival due to density-dependent factors. With a mean of 48 
Hycrest recruits from a single dungpat (perennial plots) , density dependent factors , in 
combination with limited moisture, arrested seedling development and caused mortality 
during the summer months. The wet spring conditions may also have provided ideal 
growing conditions for cheatgrass. 
Livestock as Seed Disseminators 
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Several factors appear to greatly limit the potential of sheep as seed disseminators." 
Sheep have low seed passage rates due to initial mastication of seed and more thorough 
digestion of seed (Waldo, 1973; Van Soest, 1982; Poppi et al., 1985; Simao Neto , 1985). 
Sheep dung was also found to have no suppressive effect on either annual or perennial 
resident vegetation. Just the opposite of suppression , sheep dung supplied a nutrient 
input to cheatgrass at a time of rapid spring growth . The nutrient input increased the 
vigor of Hycrest's competitor. 
Another limitation to using sheep as seed disseminators is the nature of their 
dung . Sheep dung, due to is small mass , often failed to make firm contact with the soil 
surface. One week after deposition, sheep pellets on bare ground (control plots) were 
perched on a soil pedestal, with only a small portion of the dung making contact with the 
soil. This elevated position of the dung pellet would be restrictive to Hycrest root 
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growth. The oval shape of sheep dung also creates an unstable form for contact with the 
ground surface, and dung pellets were observed to have moved around the plots. At the 
end of the 19-week monitoring period, only 66% of the dung pellets were still present on 
the control plots. This loss of dung pellets may be a result of many factors, including 
wind, water, birds, rodents, and insect activity. Movement of the dung while a seedling is 
trying to emerge can only be viewed as severely detrimental to the likelihood of 
establishment. 
While the presence of resident vegetation may successfully hold the sheep dung 
pellets in place , it also has disadvantages. One week after dung deposition , 
approximately 85% of all sheep dung pellets placed on high-density cheatgrass plots 
made no contact with the soil surface , being held off the ground by the young cheatgrass 
plants . There was better soil contact on the low-density cheatgrass plots , but about 10% 
of the dung pellets were perched off the ground . Squirreltail plants also prevented soil-
dung pellet contact with 16% and 23% of the dung pellets on low- and high-density plots , 
respectively . 
The small mass of the pellets , the perched position , and the lower , initial water 
content of sheep dung ( compared to cattle dung) are all reasons why sheep dung has the 
potential to dry out quickly. As the dung pellet becomes dry, seedling emergence 
becomes difficult. A co_mbination of all these factors favors cattle dungpats over sheep 
dung pellets as favorable microsites for Hycrest recruitment. 
Seeds of Hycrest and other wheatgrasses may not be well suited to dissemination 
48 
by sheep, but there are other plant species that could be successful. The search for 
candidates for dissemination by sheep would likely focus on seed size. Small seeds are 
likely to avoid mastication and rumination better than large-seeded species (Russi et al., 
1992), and pass through the reticulo-rumen orifice more quickly than large seeds (Poppi 
et al., 1985). Once a seed is beyond the rumen, seed recovery is likely to depend on 
resistance of the seed coat to attack by digestive enzymes (Russi et al., 1992). A seed that 
would be effectively disseminated by sheep would be small in size, and possibly have a 
hard seed coat. The selected species for dissemination by sheep would ideally be 
competitive in the seedling stage . This is important because of the inability of sheep 
dung to suppress resident vegetation. Medicago spp. may be disseminated by sheep for 
reseeding improved (irrigated) pastures . In the Intermountain West, other small-seeded 
grasses and forbs need to be examined for their dissemination potential using sheep. 
There is a conflict between seed size and seedling vigor. Small seeds that survive 
passage through the digestive tract of sheep will typically have lower seedling vigor than 
larger seeds . For seed dissemination by sheep, however, the first priority appears to be 
that the seed pass through the animal in a viable condition. 
Sheep need to be further studied as potential seed disseminators because of their 
different utilization pattern ( compared to cattle) on the landscape. Sheep are able to 
utilize a greater portion of a rangeland area than cattle by going further from water 
sources and traversing more rugged terrain . This different landscape utilization pattern 
and different seed passage ability would allow sheep to create a different and potentially 
complementary seed shadow than that formed by cattle. Each animal type could be 
disseminating its own choice forage species in the areas that each animal chooses to 
utilize. 
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Cattle proved to be superior to sheep with respect to Hycrest dissemination by 
passing a greater percentage of ingested seed in a viable condition. Cattle dung also has 
the ability to suppress resident vegetation and thus creates a more favorable microsite for 
germination and establishment than provided by sheep dung . There are, however , 
limitations to the success of cattle as seed disseminators for reseeding degraded 
rangelands . Hycrest seedlings germinated on cattle dungpats , but soon died when their 
roots were unable to directly penetrate the soil surface from the dung . The squirreltail 
target plants , consisting of many stiff, dried tillers from the previous growing season , 
may have prevented the dung from making firm contact with the soil. This may explain 
some of the seedling mortality that occurred at the center of the dungpat. 
Reseeding with cattle does not appear to have applicability on sites that have been 
invaded by competitive annuals such as cheatgrass . Cattle dung successfully suppressed 
cheatgrass under the dungpat, yet the amount of root biomass under the cattle dung was 
equivalent to that found in the other locations under actively growing plants. Thus , cattle 
dung suppression of cheatgrass vegetation did not translate into reduced belowground 
competition. Because of this , no Hycrest plants were able to survive against cheatgrass 
competition . 
Cheatgrass also appeared to limit Hycrest recruitment by depleting soil moisture 
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reserves under the dungpat. There were fewer than half as many Hycrest recruits 
emerging from cattle dung on annual plots as compared to perennial plots . Cattle dung at 
the time of deposition was 84 % water, so moisture was lost from the dung both to the 
atmosphere and to the underlying soil. Rapidly growing cheatgrass plants may have 
depleted soil moisture sufficiently to increase the moisture loss from the dung to the 
soil profile.· Palmer and Bay (1982) believed that loss of dungpat moisture to the 
underlying soil was the most important factor in the dung deposition environment. 
Akbar et al. (1995) found that a crust developed on the underside of cattle dungpats 
when placed on dry soils. If cheatgrass can indirectly dry the dung more quickly than 
plots with perennial or no resident vegetation competition, faster crust formation may 
have been responsible for limiting Hycrest recruitment. 
Success When Reseeding with Livestock 
What constitutes a successful reseeding project using livestock has not yet been 
established. Rules-of-thumb for measuring success in reseeding projects were written 
specifically with agronomic methods of reseeding in mind. Vallentine ( 1989), for 
example , has stated that a good (i.e., successful) reseeding in the Intermountain West 
would be the establishment of one perennial bunchgrass plant per square foot (l O 
bunchgrass plaf!tS per m2). This measure of success is not easily translated to reseeding 
with livestock. This rule-of-thumb views the entire reseeded area as continuous. In 
reseeding with cattle, the focus is on the dungpat, a discrete microdisturbance found 
across the landscape. This difference in temporal and spatial scale is what makes 
"success" in reseeding with livestock hard to determine by traditional rules-of-thumb. 
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Reseeding with cattle , compared to agronomic methods of reseeding rangelands , 
is a much slower process. Instead of seeding in rows across the entire area, the dungpat , 
containing seed, may provide a discrete microsite for germination and establishment. 
Reseeding with livestock proceeds one microdisturbance (dungpat) at a time. 
Considering the inherent difference in temporal and spatial scale between reseeding with 
livestock and machinery , I propose that a successful reseeding using cattle would be the 
establishment of one bunchgrass plant per dungpat. The density of cattle dungpats on the, 
reseeded site, however , is a further issue that needs to be considered . Preferably , enough 
dungpats are present so that a noticable vegetation change can occur from the reseeding , 
but care should be taken so that cattle stocking densities are not detrimental to the soils or 
existing desirable vegetation . If we are to use the establishment of one perennial 
bunchgrass as a measure of success when seeding with livestock, the cattle control (CBG) 
and the cattle perennial plots (CPL and CPH) would all qualify as successful reseedings. 
The results also suggest that reseeding with cattle is not the answer for areas that 
have been invaded by dense stands of exotic annuals . The interspecific competition from 
cheatgrass is too great, let alone the problem of establishing perennial plants with the 
modified fire regime characteristic of cheatgrass-dominated sites. 
Sheep need to be viewed more as disseminators of seed. Sheep dung does not 
have the suppressive ability that cattle dung has on resident vegetation , so it does not 
provide the same "quality" microsite. Because of these constraints due to the nature of 
the dung , reseeding with sheep should b considered successful if they are able to 
disseminate a large percentage (>20%) of ingested seed in a viable state. These seeds 
would then be able to germinate if favorable environmental conditions occur. 
Management Applications and Summary 
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Many of the recommendations proposed for reseeding rangelands with cattle 
would be similar to those made for agronomic reseeding methods . These can be summed 
up as different techniques for minimizing the risks of a reseeding project. 
Because Hycrest is a C3, or cool season grass, it can be seeded successfully both 
in the fall and early spring . Fall seeding and germination would allow the young plants to 
take advantage of an extended wet period before being exposed to the dry summer 
months. When reseeding with livestock, like any other reseeding project conducted in 
arid and semiarid enviroments , it is especially important to seed at the proper time of year 
to take full advantage of available moisture , and then hope for proper conditions to allow 
for germination and establishment. 
I recommend feeding less Hycrest seed to more cattle. Simao Neto and Jones 
( 1987) recommended that if seed is being fed to animals for deliberate dissemination , it 
might be preferable to feed a given amount of seed in small quantities either to more 
animals, and/or on more occasions. Feeding less seed to cattle could minimize seed 
waste by producing dungpats that contain a sufficient amount of seed, but not too many 
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seed. There are two possible advantages to lowering the number of seeds per dungpat. 
First , if conditions are favorable for seed germination , a large number of recruits 
emerging from the dung may be detrimental to plant establishment ; reduced seed 
concentrations within the dungpat would help alleviate these density-dependent factors 
that limit plant establishment. Lower seed numbers per dungpat would also be beneficial 
by reducing the risk of seed predation . The more concentrated a seed source , the more 
likely that those seeds would suffer density-dependent mortality from seed predation 
(Janzen , 1970; Howe & Westley , 1988). My recommendation would be to halve the 
number of seeds fed to cattle in this experiment. Feeding 100 g (30,000 seeds) ofHycrest. 
seeds to each cow could minimize seed waste by reducing the risk of seed predation and 
density-dependent factors limiting plant establishment 
Akbar (1994) experienced intraspecific competition between seedlings emerging 
from cattle dung during a fall seeding experiment. Ample precipitation and favorable 
temperatures were responsible for a higher rate of Hycrest recruitment , but his greater 
recruitment success did not translate into improved Hycrest establishment and fecundity 
(Akbar , 1994). High levels of seeding establishment , in both Akbar's (1994) fall seeding 
experiment and this experiment, appeared to lead to density-dependent mortality and 
lower survival rates . 
Seed predation was experienced soon after dung deposition. Magpies (Pica pica) 
were feeding on Hycrest seeds in cattle dungpats . Chicken-wire screens were used to 
protect the dungpats for the first 3 weeks of the study. Janzen (1981a ,b) observed that the 
number of seeds in a single defecation strongly influences seed survival, in that it 
determines whether seed predator rodents will search through that dung. Reducing the 
number of seeds fed to cattle may be the best way to reduce seed predation. Some level 
of seed predation by birds and rodents should be expected when using cattle as seed 
disseminators, but the effect that seed predation has on plant germination and 
establishment from cattle dungpats needs further examination . 
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For rangelands in the Intermountain region, I recommend feeding a small quantity 
( 100 g) of Hycrest seed per cow every 5 days for several weeks during fall and spring 
seeding times. By spreading out the feeding times chances increase that some of the 
seedlings will experience timely precipitation episodes that will allow for a successful 
plant establishment. By feeding Jess seed to more animals better seed coverage is 
produced over the entire pasture. When reseeding with cattle , be sure that the species 
used for reseeding are well adapted to the abiotic (precipitation , temperature , exposure 
and edaphic conditions) and biotic (resident vegetation and presence of seed predators) 
conditions of the dung deposition area. Attention needs to be given to the location of the 
cattle during optimal seed passage time (24-36 h after ingestion) . Portable watering 
points and salt licks can be used to attract cattle to specific locations in need of reseeding . 
Reseeding with livestock is obviously a much slower method of reseeding 
rangelands compared to mechanized methods , but the results show that cattle have the 
potential as seed disseminators to enact a positive vegetation change. Plants that 
establish from dung can then act as nuclei for future seed dispersal. 
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Alternative , low-input methods of reseeding rangeland deserve more attention 
both in research and application. The capital investment of reseeding with livestock is 
minimal when compared to machinery, fuel , and labor costs of a traditional reseeding 
project. The implications of this research should be evident to people in both the public 
and private sector. Budgets for rangeland improvements are spread thin over large land 
areas , and in· arid and semiarid environments , the risk of reseeding failure is high. The 
need to minimize risk and do more with less should point us in the direction of more low-
input methodolog y such as reseeding with livestock. The application of this research is 
even more evident for developing countries where mechanized means of reseeding 
rangelands are not an option. 
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Table A.1 
Analysis using log-rank test to determine differences in Hycrest survival in cattle 
dungpats on perennial low-density vegetation (CPL) and cattle bareground control plots 
(CBG) 
Treatments Failed Count Censored Count Total Count Sum Mean 
CPL 259 20 279 23 .60 0.0846 
CBG 103 23 126 -23.06 -0.1873 
Chi Square= 9.77 DF = 1 Prob > CS= 0.001771 
Table A.2 
Analysis using log-rank test to determine differences in Hycrest survival in cattle 
dungpats on perennial low-density vegetation (CPL) and perennial high-density 
vegetation (CPH) 
Treatments Failed Count Censored Count Total Count Sum 
CPL 
CPH 
259 
293 
Chi Square= 3.39 DF= 1 
20 
5 
279 
298 
Prob> CS= 0.065518 
5.01 
-5.01 
Mean 
0.0180 
-0.0168 
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Table A.3 
Analysis of weekly cohort survival in cattle dungpats on perennial low-density 
vegetation. Log-rank test used to determine differences between survival of cohort I and 
cohort 2, and cohort 2 and cohort 3 
Treatments Failed Count Censored Count Total Count Sum Mean 
Cohort I 
Cohort 2 
28 
115 
Chi Square= 9.85 DF = 1 
7 
9 
35 
124 
Prob > CS= 0.001702 
-12.86 
12.86 
-0.3673 
0.1037 
Treatments Failed Count Censored Count Total Count Sum Mean 
Cohort 2 
Cohort 3 
115 
90 
Chi Square= 28 .06 DF = 1 
9 
4 
124 
94 
Prob > CS = 0.000000 
-30.49 -0.2459 
30.49 0.3244 
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Table A.4 
Analysis of variance table and Tukey's HSO test for the number of Hycrest seedlings 
emerging from cattle dung on different resident vegetation plots. There were 
significantly (P<0.001) greater Hycrest emergence on perennial resident vegetation plots 
and control plots (bare ground) than on annual resident vegetation plots 
Power 
Source Sum of Mean Prob (Alpha= 
Term OF Squares Square F-Ratio Level 0.05) 
A (Plant Type) 2 4038 .279 2019.134 29.2 1 0.000000* 0.999999 
s \ 24 1658.917 69.12153 
Total (Adjusted) 26 5697.185 
Total 27 
*Term significant at alpha = 0.05 
Tukey's Multiple-Comparison Test 
Alpha = 0.05 , Error Term= S, OF= 24, MSE = 69.12153, Critical Value = 3.531717 
Source Count Mean Different from Treatment 
Annual Treatment 12 22.75 Control , Perennial Plots 
Control (Bare Ground) 3 42.00 Annual Plots 
Perennial Treatment 12 48.33 Annual Plots 
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Table A.5 
Analysis of variance and Tukey's HSD test for the number of tillers on surviving Hycrest 
plants in cattle dungpats at the end of the growing season (September 20). There was 
significantly (P=0.0204) greater Hycrest tiller development on bare ground control plots 
(CBG) than on the perennial low-density (CPL) treatment 
Power 
Source Sum of Mean Prob (Alpha= 
Term DF Squares Squares F-Ratio Level 0.05) 
A (Treatment) 22.62695 22 .62695 5.82 0.020411 * 0.653792 
s 41 159.4196 3.888282 
Total (Adjusted) 42 182.0465 
Total 43 
* Term significant at alpha= 0.05 
Tuke y's Multiple-Comparison Test 
Alpha = 0.05 , Error Term= S, DF = 41 , MSE = 3.888282 , Critical Value= 2.856074 
Group 
CPL 
CBG 
Count 
20 
23 
Mean 
l.85 
3.30 
Different from Treatment 
CBG 
CPL 
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Table A.6 
Analysis of variance and Tukey's HSD test for the number of tillers on surviving Hycrest 
plants in cattle dungpats at the end of the growing season (September 20). There was no 
significant (P=0.0532) difference between Hycrest tiller development on bare ground 
control plots (CBG) and on the perennial high-density (CPH) treatments 
Analysis of Variance Table 
Source Sum of Mean Prob Power 
Term OF Squares Squares F-Ratio Level (Alpha=0.05) 
A (Treatment) 1 18.48676 18.48676 4.08 0.053295 0.495650 
s 27 122.2029 4.526033 
Total (Adjusted) 28 140.6897 
Total 29 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Alpha = 0.05 , Error Term= S, OF = 27, MSE = 4.526033, Critical Value= 2.901739 
Treatment 
CPH 
CBG 
Count 
6 
23 
Mean 
1.33 
3.30 
Different from Treatment 
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Table A.7.1 
Analysis of variance and Tukey's HSD test on CAL treatments for cheatgrass height (cm) 
on June 1 at three locations in proximinity to dung (location 1 =immediately adjacent to 
dung, location 2= 15 cm from dung, and location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of Mean Prob Power 
Term DF Squares Squares F-Ratio Level (Alpha=0.05) 
A (Location) 2 267.7917 133.8958 55.80 0.000000* 1.000000 
s 105 251.9375 2.399405 
Total(Adjusted) 107 519 .7292 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Alpha = 0.05, Error Term= S, DF = 105, MSE = 2.399405, Critical Value= 3.362171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
8.71 
5.50 
5.25 
Different from Location 
3,2 
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Table A.7.2 
Analysis of variance and Tukey's HSD test on CAL treatments for cheatgrass height 
( cm) on July 1 at three locations in proximinity to dung (location 1 =immediately adjacent 
to dung, location 2= 15 cm from dung , and location 3=30 cm from dung) 
Analysis of Variance Table 
Source 
Term OF 
Sum of 
Squares 
Mean 
Squares 
Prob 
F-Ratio Level 
Power 
(Alpha=0.05) 
A (Location) 2 550 .2407 275 .1204 25.92 
10.61217 
0.000000* CJ.999999 
s 105 1114 .278 
Total (Adjusted) 107 1664.519 
Total 108 
* Term significant at alpha= 0.05 
Tuke y's Multiple Comparison Test 
Alpha = 0.05 , Error Term= S, OF= 105, MSE = 10.61217 , Critical Value= 3.362171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
18.31 
14.31 
13.00 
Different from Location 
3,2 
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Table A.7.3 
Analysis of variance and Tukey's HSD test on CAL treatments for cheatgrass height ( cm) 
on August 1 at three locations in proximinity to dung (location 1 =:=immediately adjacent to 
dung, location 2=15 cm from dung, and location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of Mean Prob Power 
Term DF Squares Squares F-Ratio Level (Alpha=0.05) 
A (Location) 2 373 .1805 186.5903 2.84 0.063114 0.546027 
s 105 6906 .382 65.77506 
Total (Adjusted) 107 7279.563 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Alpha = 0.05 , Error Term= S, DF = 105, MSE = 65 .77506 , Critical Value= 3.362171 
Location 
2 
3 
Count Mean 
36 36.49 
36 
36 
32.83 
32.31 
Different from Location 
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Table A.7.4 
Analysis of variance and Tukey's HSD test on CAH treatments for cheatgrass height ( cm) 
on June 1 at three locations in proximinity to dung (location 1 =immediately adjacent to 
dung, location 2=15 cm from dung , and location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of Mean Prob Power 
Term DF Squares Squares F-Ratio Level (Alpha=0 .05) 
A (Location) 2 242.838 121.419 74.84 0.000000* 1.000000 
s 105 170.354 1.62242 
Total (Adjusted) 107 413.192 
Total 108 
* Term significant at alpha = 0.05 
Tukey's Multiple Comparison Test 
Alpha= 0.05, Error Term= S, DF = 105, MSE = 1.622421 , Critical Value= 3.362171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
8.10 
4.94 
4.89 
Different from Location 
2, 3 
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Table A.7.5 
Analysis of variance and Tukey's HSD test on CAH treatments for cheatgrass height ( cm) 
on July 1 at three locations in proximinity to dung (location 1 =immediately adjacent to 
dung, location 2=15 cm from dung, and location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of 
Term DF Squares 
A (Location) 2 404.4491 
s 105 1271.132 
Total (Adjusted) 107 1675.581 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Mean 
Squares 
202.2245 
12.10602 
Prob 
F-Ratio Level 
Power 
(Alpha=0.05) 
16.70 0.000001 * 0.999639 
Alpha= 0.05, Error Term= S, DF = 105, MSE = 12.106202, Critical Value= 3.362171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
16.67 
13.56 
12.01 
Different from Location 
3,2 
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Table A.7.6 
Analysis of variance and Tukey's HSD test on CAH treatments for cheatgrass height ( cm) 
on August 1 at three locations in proximinity to dung (location 1 =immediately adjacent to 
dung, location 2= 15 cm from dung , and location 3=30 cm from dung) 
Analysis of Variance Table 
Source 
Term DF 
Sum of 
Squares 
Mean 
Squares 
Prob 
F-Ratio Level 
Power 
(Alpha=0 .05) 
A (Location) 2 1364.06 682 .0301 12. 72 0.000011 * 0.996167 
s 105 5629.632 53.61554 
Total (Adjusted) . 107 6993.692 
Total 108 
* Term significant at alpha = 0.05 
Tukey's Multiple Comparison Test 
Alpha = 0.05 , Error Term= S, DF = 105, MSE = 53.61554, Critical Value= 3.362171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
30.5 
23 .11 
22.82 
Different from Location 
3, 2 
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Table A.7.7 
Analysis of variance and Tukey's HSD test on SAL treatments for cheatgrass height ( cm) 
on June 1 at three locations in proximinity to dung (location 1 =immediately adjacent to 
dung, location 2=15 cm from dung, and location 3=30 cm from dung) 
Analysis of Variance Table 
Source 
Term DF 
Sum of 
Squares 
Mean 
Squares 
Prob 
F-Ratio Level 
Power 
(Alpha=0.05) 
A (Location) 2 75 .35185 37.67593 22.19 
1.69795 
0.000000* 0.999999 
s 105 178.2847 
Total (Adjusted) 107 253.6366 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Alpha= 0.05 , Error Term= S, DF = 105, MSE = 1.69795, Critical Value= 3.362171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
7.21 
5.54 
5.35 
Different from Location 
3, 2 
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Table A.7.8 
Analysis of variance and Tukey's HSD test on SAL treatments for cheatgrass height 
( cm) on July 1 at three locations in proximinity to dung (location 1 =immediately adjacent 
to dung, location 2=15 cm from dung, and location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of 
Term DF Squares 
A (Location) 2 520.7222 
s 105 1174.84 
Total (Adjusted) 107 1695.563 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Mean 
Squares 
260.3611 
11.18896 
Prob 
F-Ratio Level 
Power 
(Alpha=0 .05) 
23.27 0.000000* 0.999994 
Alpha= 0.05, Error Term= S, DF = 105, MSE = 11.18896, Critical Value= 3.362171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
18.88 
15.07 
13.68 
Different from Location 
3,2 
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Table A.7.9 
Analysis of variance and Tukey's HSD test on SAL treatments for cheatgrass height ( cm) 
on August 1 at three locations in proximinity to dung (location 1 =immediately adjacent to 
dung, location 2=15 cm from dung , and location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of 
Term DF Squares 
A (Location) 2 738 .9074 
s 105 6410.278 
Total (Adjusted) 107 7149 .185 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Mean 
Squares 
369.4537 
61.05027 
Prob 
F-Ratio Level 
Power 
(Alpha=0.05) 
6.05 0.003255* 0.876406 
Alpha = 0.05, Error Term= S, DF = 105, MSE = 61.05027 , Critical Value= 3.362171 
Location 
2 
J 
Count 
36 
36 
36 
Mean 
37.56 
32.31 
31.75 
Different from Location 
2, 3 
1 
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Table A.7.10 
Analysis of variance and Tukey's HSD test on SAH treatments for cheatgrass height ( cm) 
on June 1 at three locations in proximinity to dung (location 1 =immediately adjacent to 
dung, location 2=15 cm from dung , and location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of Mean Prob Power 
Term OF Squares Squares F-Ratio Level (Alpha=0 .05) 
A (Location) 2 115.7963 57 .89815 48.42 0.000000* 1.000000 
s 105 125.5625 1.195833 
Total (Adjusted) 107 241.3588 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Alpha = 0.05 , Error Term= S, OF= 105, MSE = 65 .77506 , Critical Value= 3.362171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
7.51 
5.49 
5.18 
Different from Location 
3, 2 
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Table A.7.11 
Analysis of variance and Tukey's HSD test on SAH treatments for cheatgrass height ( cm) 
on July 1 at three locations in proximinity to dung (location 1 =immediately adjacent to 
dung, location 2= 15 cm from dung, and location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of Mean Prob Power 
Term DF Squares Squares F-Ratio Level (Alpha=0.05) 
A (Location) 2 456 .2639 228.1319 27.11 0.000000* 1.000000 
s 105 883 .6528 8.415741 
Total (Adjusted) 107 1339.917 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Alpha= 0.05 , Error Term= S, DF = 105, MSE = 8.415741, Critical Value= 3.362171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
18.32 
14.83 
13.43 
Different from Location 
3,2 
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Table A.7.12 
Analysis of variance and Tukey's HSD test on SAH treatments for cheatgrass height ( cm) 
on August 1 at three locations in proximinity to dung (location 1 =immediately adjacent 
to dung , location 2=15 cm from dung , and location 3=30 cm from dung) 
Analysis of Variance Table 
Source 
Term DF 
Sum of 
Squares 
Mean 
Squares 
Prob 
F-Ratio Level 
Power 
(Alpha=0.05) 
A (Location) 2 969.0602 484.5301 10.77 0.000056* 0.988605 
s 105 4722 .743 44 .9785 
Total (Adjusted) 107 5691.803 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Alpha = 0.05, Error Term = S, DF = 105, MSE = 65.77506 , Critical Value = 3.362 171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
31.24 
26.00 
24.17 
Different from Location 
3, 2 
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Table A.8.1 
Analysis of variance and Tukey's HSD test on CAL treatments for cheatgrass dry-weight 
biomass (g) at the end of the 1995 growing season at three locations in proximinity to the 
dung (location 1 =immediately adjacent to dung, location 2= 15 cm from dung, and 
location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of 
Term DF Squares 
A (Location) 2 0.3018167 
s 105 1.460183 
Total(Adjusted) 107 1.762 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Mean 
Squares 
0.1509083 
0.0139065 
Prob 
F-Ratio Level 
Power 
(Alpha=0.05) 
10.85 0.000052* 0.989087 
Alpha= 0.05 , Error Term= S, DF = 105, MSE = 0.01390651, Critical Value= 3.362171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
0.2514 
0.1414 
0.1372 
Different from Location 
3,2 
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Table A.8.2 
Analysis of variance and Tukey's HSD test on CAH treatments for cheatgrass dry-weight 
biomass (g) at the end of the 1995 growing season at three locations in proximinity to the 
dung (location 1 =immediately adjacent to dung, location 2= 15 cm from dung, and 
location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of 
Term OF Squares 
A (Location) 2 0.2116722 
s 105 0.5822194 
Total(Adjusted) 107 0.7938917 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Mean 
Squares F-Ratio 
0.1058361 19.09 
0.0054495 
Prob 
Level 
0.000000* 
Power 
(Alpha=0.05) 
0.999918 
Alpha= 0.05, Error Term= S, OF= 105, MSE = .005544947, Critical Value= 3.362171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
0.1478 
0.0572 
0.0508 
Different from Location 
3,2 
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Table A.8.3 
Analysis of variance and Tukey's HSD test on SAL treatments for cheatgrass dry-weight 
biomass (g) at the end of the 1995 growing season at three locations in proximinity to the 
dung (location 1 =immediately adjacent to dung, location 2= 15 cm from dung, and 
location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of 
Term DF Squares 
A (Location) 2 0.0595796 
s 105 0.7555417 
Total(Adjusted) 107 0.8151213 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Mean 
Squares F-Ratio 
0.0297898 4.14 
0.0071956 
Prob 
Level 
0.018595* 
Power 
(Alpha=0.05) 
0.720211 
Alpha = 0.05 , Error Term= S, DF = 105, MSE = 0.00719564 , Critical Value= 3.362171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
0.1589 
0.1022 
0.1219 
Different from Location 
2 
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Table A.8.4 
Analysis of variance and Tukey's HSD test on SAH treatments for cheatgrass dry-weight 
biomass (g) at the end of the 1995 growing season at three locations in proximinity to the 
dung (location 1 =immediately adjacent to dung, location 2= 15 cm from dung, and 
location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of 
Term DF Squares 
A (Location) 2 0.1310185 
s 105 0.2285398 
Total(Adjusted) 107 0.2416407 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Mean 
Squares F-Ratio 
0.0065509 3.01 
0.0021766 
Prob 
Level 
0.053576 
Power 
(Alpha=0.05) 
0.572525 
Alpha = 0.05 , Error Term= S, DF = 105, MSE = 0.00217656 , Critical Value = 3.362171 
Location 
2 
3 
Count Mean Different from Location 
36 0.09055556 2 
36 
36 
0.06416667 
0.0725 
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Table A.9.1 
Analysis of variance and Tukey's HSD test on CAL treatments for cheatgrass fecundity 
(number of seeds per plant) at the end of the 1995 growing season at three locations in 
proximinity to dung (location 1 =immediately adjacent to dung, location 2= 15 cm from 
dung, and location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of 
Term DF Squares 
A (Location) 2 1700.389 
s 105 9980.527 
Total (Adjusted) 107 11680.92 
Total 108 
* Term significant at alpha = 0.05 
Tukey's Multiple Comparison Test 
Mean 
Squares 
850.1945 
95.05264 
Prob 
F-Ratio Level 
Power 
(Alpha=0.05) 
8.94 0.000259* 0.969867 
Alpha = 0.05 , Error Term= S, DF = 105, MSE = 95.0526~ , Critical Value= 3.362171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
22.14 
13.67 
13.78 
Different from Location 
2, 3 
1 
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Table A.9.2 
Analysis of variance and Tukey's HSD test on CAH treatments for cheatgrass fecundity 
(number of seeds per plant) at the end of the 1995 growing season at three locations in 
proximinity to dung (location 1 =immediately adjacent to dung, location 2= 15 cm from 
dung, and location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of Mean Prob Power 
Term DF Squares Squares F-Ratio Level (Alpha=0.05) 
A (Location) 2 1591.463 795.7315 27.73 0.000000* 1.000000 
s 105 3012.833 28.69365 
Total(Adjusted) 107 4604.296 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Alpha= 0.05, Error Term = S, DF = 105, MSE = 28.69365, Critical Value= 3.362171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
12.22 
3.69 
4.53 
Different from Location 
2,3 
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Table A.9.3 
Analysis of variance and Tukey's HSD test on SAL treatments for cheatgrass fecundity 
(number of seeds per plant) at the end of the 1995 growing season at three locations in 
proximinity to dung (location 1 =immediately adjacent to dung, location 2= 15 cm from 
dung, and location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of 
Term DF Squares 
A (Location) 2 469 .0185 
s 105 6452.417 
Total(Adjusted) 107 6921.435 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Mean 
Squares 
234.5093 
61.45159 
Prob 
F-Ratio Level 
Power 
(Alpha=0.05) 
3.82 0.025126* 0.682461 
Alpha = 0.05, Error Term = S, DF = 105, MSE = 61.45159 , Critical Value= 3.362171 
Location 
2 
3 
Count Mean 
36 16.14 
36 
36 
11.11 
14.39 
Different from Location 
2 
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Table A.9.4 
Analysis of variance and Tukey's HSD test on SAH treatments for cheatgrass fecundity 
(number of seeds per plant) at the end of the 1995 growing season at three locations in 
proximinity to dung (location 1 =immediately adjacent to dung, location 2= 15 cm from 
dung, and location 3=30 cm from dung) 
Analysis of Variance Table 
Source Sum of 
Term OF Squares 
A (Location) 2 96.35185 
s 105 904.6389 
Total(Adjusted) 107 1000.991 
Total 108 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Mean 
Squares 
48.17593 
8.615608 
Prob 
F-Ratio Level 
Power 
(Alpha=0.05) 
5.59 0.004925* 0.848068 
Alpha= 0.05, Error Term= S, OF= 105, MSE = 95.05264 , Critical Value= 3.362171 
Location 
2 
3 
Count 
36 
36 
36 
Mean 
6.33 
4.50 
4.19 
Different from Location 
2, 3 
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Table A.10 
Analysis of variance for cheatgrass height ( cm) on August 1, 1995 
Analysis of Variance Table 
Source Sum of Mean Prob Power 
Term OF Squares Squares F-Ratio Level (Alpha=0.05) 
A (Animal) 73.75521 73.75521 0.37 0.551825 0.051943 
B (Density) 6184.237 6184.237 30.72 0.000020* 0.221812 
AB 74.58392 74.58392 0.37 0.549619 0.051965 
C (AB) 20 4026.84 201.342 4.02 0.000000* 
D (Location) 2 3230.314 1615.157 39.60 0.000000* 0.675626 
AD 2 1.260417 0.0630208 0.02 0.984674 0.050214 
BO 2 128.8762 64.43808 1.58 0.2 18604 0.072628 
ABO 2 84.7581 42.37905 1.04 0.363168 0.064718 
CD (AB) 40 1631.569 40 .78924 0.82 0.781806 
s 360 18010 .63 50.02951 
Total(Adjusted) 431 33446.82 
Total 432 
* Term significant at alpha= 0.05 
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Table A.11 
Analysis of variance for cheatgrass fecundity (number of seeds per plant) on 
August 1, 1995 
Analysis of Variance Table 
Source Sum of Mean Prob Power 
Term DF Squares Squares F-Ratio Level (Alpha=0.05) 
A (Animal) 535.5579 535.5579 6.45 0.019538* 0.084780 
B (Density) 9324.188 9324.188 112.23 0.000000* 0.623585 
AB 19.16898 19.16898 0.23 0.636205 0.051223 
C (AB) 20 1661.694 83.08472 1.75 0.024749* 
D (Location) 2 2947.421 1473.711 37.12 0.000000* 0.645516 
AD 2 764.8102 382.4051 9.63 0.000385* 0.204626 
BD 2 54.34722 27.17361 0.68 0.510141 0.059624 
ABD 2 90.64352 45 .32176 1.14 0.329464 0.066207 
CD (AB) 40 1587.889 39.69722 0.84 0.751425 
s 360 17100.83 47 .50232 
Total(Adjusted) 431 34086.55 
Total 432 
* Term significant at alpha= 0.05 
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Table A.12 
Analysis of variance for cheatgrass dry-weight biomass (g) on August 1, 1995 
Analysis of Variance Table 
Source Sum of Mean Prob Power 
Term OF Squares Squares F-Ratio Level (Alpha=0 .05) 
A (Animal) 0.0924593 0.0924593 7.86 0.010967* 0.092561 
B (Density) 0.5547 0.5547 47 .16 0.000001 * 0.314368 
AB 0.420083 0.420083 3.57 0.073363 0.069124 
C (AB) 20 0.2352426 0.0117621 1.66 0.037970* 
D (Location) 2 0.4546699 0.2273349 37.97 0.000000* 0.656063 
AD 2 0.1190032 0.0595016 9.94 0.000313* 0.209974 
BD 2 0.0118847 0.0059424 0.99 0.379567 0.064047 
ABD 2 0.0006125 0.0003062 0.05 0.950195 0.050709 
CD (AB) 40 0.2394741 0.0059869 0.84 0.737626 
s 360 2.551767 0.0070882 
Total(Adjusted) 431 4.301821 
Total 432 
* Term significant at alpha = 0.05 
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Table A.13.1 
Analysis of variance and Tukey's HSD test on CAL treatments for cheatgrass root 
biomass (g) at the end of the 1995 growing season at three locations from dung (location 
1 =under dung, location 2=adjacent to dung , and location 3= 15 cm from dung) and 
three depths in the soil profile 
Analysis of Variance Table 
Source Sum of Mean Prob Power 
Term DF Squares Squares F-Ratio Level (Alpha=0.05) 
A (Location) 2 0.0026333 0.0013167 1.12 0.368438 0.139840 
B (Depth) 2 0.1939 0.09695 82.32 0.000002* 1.000000 
AB 4 0.0052667 0.0013167 1.12 0.406008 0.183588 
s 9 0.0106 0 .0011778 
Total(Adjusted) 17 0.2124 
Total 18 
* Term significant at alpha= 0.05 
Tuke y's Multiple Comparison Test 
Alpha= 0.05 , Error Term = S, DF = 9, MSE = 0.001177778 , Critical Value = 3.948519 
Location 
2 
3 
Depth 
0-10 cm 
10-20 cm 
20-30 cm 
Count Mean 
6 0.1583 
6 
6 
Count 
6 
6 
6 
0.1300 
0.1517 
Mean 
0.2933 
0.0783 
0.0683 
Different from Location 
Different from Location 
10-20 cm, 20-30 cm 
0-10 cm 
0-10 cm 
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Table A.13.2 
Analysis of variance and Tukey's HSD test on CAH treatments for cheatgrass root 
biomass (g) at the end of the 1995 growing season at three locations from dung (location 
l =under dung, location 2=adjacent to dung , and location 3=15 cm from dung) and 
three depths in the soil profile 
Analysis of Variance Table 
Source Sum of Mean Prob Power 
Term OF Squares Squares F-Ratio Level (Alpha=0 .05) 
A (Location) 2 0.0126778 0.0063389 1.04 0.392305 0.133156 
B (Depth) 2 0.1969444 0.0984722 16.16 0.001051 * 0.943702 
AB 4 0.0174222 0.0043556 0.71 0.602539 0.130643 
s 9 0.05485 0.0060944 
Total(Adjusted) 17 0.2818944 
Total 18 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Alpha= 0.05 , Error Term= S, DF = 9, MSE = 0.006094445 , Critical Value= 3.948519 
Location 
2 
3 
Count Mean 
6 0.1067 
6 
6 
0.1717 
0.1400 
Different from Location 
Alpha= 0.05 , Error Term= S, DF = 9, MSE = 0.001177778 , Critical Value= 3.948519 
Depth 
0-10 cm 
10-20 cm 
20-30 cm 
Count 
6 
6 
6 
Mean 
0.2897 
0.0783 
0.0533 
Different from Location 
10-20 cm, 20-30 cm 
0-10 cm 
0-10 cm 
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Table A.13.3 
Analysis of variance and Tukey's HSD test on SAL treatments for cheatgrass root 
biomass (g) at the end of the 1995 growing season at three locations from dung (location 
1 =under dung , location 2=immediately adjacent to dung, and location 3= 15 cm from 
dung) and three depths in the soil profile 
Analysis of Variance Table 
Source Sum of Mean 
Term OF Squares Squares 
Prob 
F-Ratio Level 
Power 
(Alpha=0.05) 
A (Location) 
B (Depth) 
AB 
2 
2 
4 
9 
0.0004111 0.0002056 0.08 
0.1356778 0.0678389 26.20 
0.0091222 0.0022806 0.88 
0.924311 0.055840 
0.000177* 0.995188 
0.512377 0.151982 
s 0.0233 0.0025889 
Total(Adjusted) 17 0.1685111 
Total 18 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Alpha = 0.05, Error Term= S, OF = 9, MSE = 0.002588889 , Critical Value= 3.948519 
Location 
2 
3 
Count Mean 
6 0.1217 
6 
6 
0.1167 
0.1283 
Different from Location 
Alpha= 0.05, Error Term= S, OF= 9, MSE = 0.00117777.8, Critical Value= 3.948519 
Depth 
0-10 cm 
10-20 cm 
20-30 cm 
Count 
6 
6 
6 
Mean 
0.245 
0.0600 
0.0617 
Different from Location 
10-20 cm, 20-30 cm 
0-10 cm 
0-10 cm 
97 
Table A.13.4 
Analysis of variance and Tukey's HSD test on SAH treatments for cheatgrass root 
biomass (g) at the end of the 1995 growing season at three locations from dung (location 
1 =under dung, location 2=adjacent to dung , and location 3=15 cm from dung) and three 
depths in the soil profile 
Analysis of Variance Table 
Source Sum of Mean Prob Power 
Term DF Squares Squares F-Ratio Level (Alpha=0.05) 
A (Location) 2 0.0109778 0.0054889 0.55 0.594466 0.092454 
B (Depth) 2 0.6176444 0.3088222 31.02 0.000092* 0.998641 
AB 4 0.0105556 0.0026389 0.27 0.893147 0.077448 
s 9 0.0896 0.0099556 
Total(Adjusted) 17 0.7287778 
Total 18 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Alpha= 0.05, Error Term= S, DF = 9, MSE = 0.009955555 , Critical Value= 3.948519 
Location 
2 
3 
Count Mean 
6 0.2167 
6 
6 
0.2733 
0.2267 
Different from Location 
Alpha= 0.05, Error Term= S, DF = 9, MSE = 0.001177778, Critical Value= 3.948519 
Depth 
0-10 cm 
10-20 cm 
20-30 cm 
Count 
"6 
6 
6 
Mean 
0.5000 
0.1267 
0.0900 
Different from Location 
10-20 cm, 20-30 cm 
0-10 cm 
0-10 cm 
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Table A.14.1 
Analysis of variance and Tukey's HSD test for soil total nitrogen(%) on cattle treatments 
at the end of the 1995 growing season at three locations from dung (location 1 =under 
dung , location 2=imrnediately adjacent to dung , and location 3= 15 cm from dung) 
Analysis of Variance Table 
Source Sum of Mean Prob Power 
Term DF Squares Squares F-Ratio Level (Alpha=0.05) 
A (Location) 2 0.0006125 0.0003062 0.62 0.558871 0.123927 
s 9 0.0044375 0.0004931 
Total(Adjusted) 11 0.00505 
Total 12 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Alpha = 0.05 , Error Term= S, DF = 9, MSE = 0.000930556 , Critical Value = 3.948519 
Location 
2 
3 
Count Mean 
4 0.19375 
4 
4 
0.185 
0.17625 
Different from Location 
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Table A.14.2 
Analysis of variance and Tukey's HSD test for soil organic carbon(%) on cattle 
treatments at the end of the 199 5 growing season at three locations from dung (location 
1 =under dung, location 2=immediately adjacent to dung, and location 3= 15 cm 
from dung) 
Analysis of Variance Table 
Source Sum of 
Term DF Squares 
A (Location) 2 0.5222 
s 9 1.450225 
Total(Adjusted) 11 1.972425 
Total 12 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Mean 
Squares F-Ratio 
0.2611 1.62 
0.1611361 
Prob 
Level 
0.250586 
Power 
(Alpha=0 .05) 
0.257339 
Alpha= 0.05, Error Term= S, DF = 9, MSE = 0.1611361, Critical Value= 3.948519 
Location 
2 
3 
Count Mean 
4 2.4175 
4 
4 
2.0975 
1.9125 
Different from Location 
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Table A.15.1 
Analysis of variance and Tukey's HSD test for soil total nitrogen (%) on sheep treatments 
at the end of the 1995 growing season at three locations from dung (location 1 =under 
dung, location 2=immediately adjacent to dung, and location 3=15 cm from dung) 
Analysis of Variance Table 
Source Sum of 
Term DF Squares 
A (Location) 2 0.0021292 
s 9 0.0111875 
Total(Adjusted) 11 0.0133167 
Total 12 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Mean 
Squares F-Ratio 
0.0010646 0.86 
0.0012431 
Prob 
Level 
0.456582 
Power 
(Alpha=0.05) 
0.154315 
Alpha = 0.05 , Error Term= S, DF = 9, MSE = 0.001246056 , Critical Value= 3.948519 
Location 
2 
3 
Count Mean 
4 0.21 
4 
4 
0.18625 
0.17875 
Different from Location 
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Table A.15.2 
Analysis of variance and Tukey's HSD test for soil organic carbon(%) on sheep 
treatments at the end of the 1995 growing season at three locations from dung (location 
1 =under dung, location 2=immediately adjacent to dung, and location 3= 15 cm 
from dung) 
Analysis of Variance Table 
Source Sum of 
Term DF Squares 
Mean 
Squares 
Prob 
F-Ratio Level 
Power 
(Alpha=0.05) 
A (Location) 2 0.4242167 0.2121083 0.95 
0.2241417 
0.423637 0.166158 
s 9 2.017275 
Total(Adjusted) 11 2.441492 
Total 12 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Alpha= 0.05, Error Term= S, DF = 9, MSE = 0.2241417, Critical Value= 3.948519 
Location 
2 
3 
Count Mean 
4 2.405 
4 
4 
2.035 
1.9825 
Different from Location 
Table A.16.1 
Analysis of variance and Tukey's HSD test for soil organic carbon (%) found at the 
end of the 1995 growing season under the two dung types ( cattle and sheep) 
Analysis of Variance Table 
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Source Sum of 
Term DF Squares 
Mean 
Squares 
Prob 
F-Ratio Level 
Power 
(Alpha=0 .05) 
A (Animal) 0.0003125 
s 6 2.351175 
Total(Adjusted) 7 2.351487 
Total 8 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
0.0003125 0.00 
0.3918625 
0.978387 0.050066 
Alpha= 0.05 , Error Term = S, DF = 6, MSE = 0.3918625 , Critical Value= 3.460485 
Location 
Sheep 
Cattle 
Count 
4 
4 
Mean 
2.405 
2.4175 
Different from Animal 
Table A.16.2 
Analysis of variance and Tukey's HSD test for soil total nitrogen(%) found at the 
end of the 1995 growing season under the two dung types ( cattle and sheep) 
Analysis of Variance Table 
Source Sum of Mean Prob Power 
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Term OF Squares Squares F-Ratio Level (Alpha=0.05) 
A (Animal) 0.0005281 0.0005281 0.33 0.583977 0.078153 
s 6 0.0094688 0.0015781 
Total(Adjusted) 7 0.0099969 
Total 8 
* Term significant at alpha= 0.05 
Tukey's Multiple Comparison Test 
Alpha= 0.05 , Error Term= S, OF= 6, MSE = 0.001578125, Critical Value= 3.460485 
Location 
Sheep 
Cattle 
Count 
4 
4 
Mean 
0.21 
0.19375 
Different from Animal 
